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INTRODUCTION 
Continued emphasis on sustainable agriculture and in soil and environmental 
quality has generated renewed interest in evaluating the effects of different soil 
management systems on N dynamics in soils. Such studies are needed because of the 
concerns about leaching of nitrate to groundwater and its potential implications on 
environmental quality and public health. In addition, the information will (1) aid in 
developing better strategies in manipulating the soil-plant system for improved soil and 
water quality; and (2) identify and/or quantify changes in soil organic matter content 
resulting from commonly used cultural and management practices. The effects of various 
soil management systems that include crop rotations, N fertilizations, and liming practices, 
may affect the amino acid composition of soil organic matter, enzymes activities in soils, 
fixed NH/, and N transformations in soils. 
Nitrogen occurs in the environment in organic and inorganic forms. The organic 
form is a major component of soil organic matter and may account for greater than 95% 
of the total N in most surface soils. About half of this organic N, however, has not yet 
been identified. It is estimated that about 20-40% of the total N in soils is present in the 
form of amino acids, but only a small portion of the amino acids is present in a "firee" 
state; the major portion is bound to soil organic matter (Bremner, 1951), The bound 
amino acids are most likely present in the form of proteins and/or peptides associated 
with clay-organic matter complexes. 
The chemical nature of N in soils is such that a large proportion (15-25%) is often 
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released as NH/ by acid hydrolysis (6 M HQ). Information also suggests that a portion 
of the released NH/ is derived from the hydrolysis of such amides as asparagine and 
glutamine residues in soil organic matter (Sowden, 1958). The principal forms of organic 
N in soils are amino acids and amino sugars that may become available to plants from 
microbial mineralization to NH^"^ and the subsequent nitrification of NH4^ to NOj" and 
NOs". With new and improved analytical techniques, a significant portion of the soil 
organic N can be quantitatively separated into various amino acids. Some studies on the 
acid hydrolysis of humic preparations have shovm that 7.3-12.6% of the NH/ released 
during acid hydrolysis are equal to or nearly equal to the sum of aspardc acid-N plus 
glutamic acid-N derived from asparagine and glutamine (Bremner, 1955; Sowden, 1958). 
Other studies have shown that amino acid N could account for 16% and 3.8% of the total 
N in one cultivated Canadian surface soil and its uncultivated counterpart, respectively 
(Warman and Isnor, 1991). Little information is available, however, on the distribution of 
amino acid N of organic matter of soils under different management systems. 
Cropping systems and management practices may have profound effects on the 
amino acid composition of soil organic matter because various crops have different 
rooting systems and crop residues, resulting in different amounts, distributions, and types 
of organic matter between cropping systems. The accumulation of organic and inorganic 
nutrients in soils stimulates microbial growth and activity; and therefore, enzyme 
synthesis. High organic matter levels ft^om residue treatments may provide a more 
favorable environment for accumulation of enzymes in the soil matrix (Bums, 1982; Ladd 
and Butler, 1975). Enzymes in soils may be polymerized, entrapped, and/or adsorbed 
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giving rise to a stable active enzyme-soil colloid associations (Boyd and Mortland, 1990; 
Bums, 1982, 1986; Gianfireda et aL, 1995; Ladd, 1985). Native soil proteins or amino 
acids are substrates for soil enzymes produced by soil microbes in microenvironments. 
Most soil enzymes are primarily of microbial origin (Skujins, 1978) but may also 
originate firom plant and animal residues (Bums, 1982; Kiss et aL, 1975). 
Amidohydrolases are enzymes involved in N cycling in soils. Among these, amidase, 
aspartase, urease, L-asparaginase, and L-glutaminase are the most important They 
hydrolyze native or organic N substrates added to soils and produce NH/ (Tabatabai, 
1994). They act on C-N bonds other than peptide bonds in linear amides releasing NH4% 
but they are specific in that each enzyme catalyzes a specific reaction. Relationships 
among these enzymes are important because these enzymes play significant roles in N 
cycling in nature. They will contribute to increased levels of NH/-N and NOs'-N in soils. 
Although aspartase is involved in hydrolysis of a major amino acid in soils, review of the 
literature revealed no information on its activity in soils. Also, the literature revealed no 
information on the factors (e.g., soil properties, trace elements, tillage and crop residue 
management practices, cropping systems) that might affect the activity of this enzyme in 
soils. 
It has been known for many years that certain soils, especially those containing 
micaceous clays, contain appreciable quantities of fixed NH/. Such NH4* is defined as 
that which cannot be extracted with neutral, normal potassium salt; its source can be 
either native or fertilizer-derived. Recent interest in possible contamination of water 
resources with N from agriculturral sources focused the attention on fixed NH/ as a 
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possible source of N for plants that should be considered in fertilizer N recommendations. 
Early work showed that Iowa soils contain appreciable amounts of fixed (Hanway 
and Scott, 1956; Mcintosh, 1962), but little information is available on the effects of 
long-term cropping systems, N fertilizer application, and liming on fixed NH/ in soils. 
Information on the distribution of fixed in Iowa surface soils is lacking. 
Understanding the influence of soil management practices on amino acid 
composition of soil proteins, enzymatic activities, fixed NH/, N mineralization and 
nitrification in soils is necessary because these soil parameters or properties affect soil 
fertility, productivity, tilth, and quality. Therefore, the main objectives of this work were: 
(1) to study the effect of cropping systems on amino acid composition of protein or 
peptides associated with soil organic matter, (2) to develop a method for assay of 
aspartase activity in soils, (3) to assess the factors affecting aspartase activity in soils, (4) 
to evaluate the influence of cropping systems, tillage, and residue management practices 
on aspartase activity in soils, (5) to study the distribution of fixed NH/ in Iowa surface 
soils and in soils under different management systems, and (6) to evaluate N 
mineralization and nitrification in soils as affected by cropping systems and liming. 
The results obtained are presented in six parts. The results obtained under 
objective (1) are presented in Part I, those under objective (2) are presented in Part EE, 
those under objective (3) are presented in Part HI, those under objective (4) arc presented 
in Part IV, those under objective (5) are presented in Part V, and those under objective 
(6) are presented in Part VI. Preceding Part I is a literature review and following Part VI 
is a general summary and conclusions. 
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LITERATURE REVIEW 
Increasing food production remains the primary objective of most agricultural 
systems worldwide. Over the years, however, such issues as environmental protection, 
management of natural resources, and population growth rate have become major 
components in the search for options to promote environmental and agricultural 
sustainability everywhere. The emergence of new scientific and technological advances in 
recent years have improved the prospects for increased nitrogen management. As stated 
by Brady (1984), nitrogen is a potent nutrient element that needs to be conserved and 
carefully regulated. The element is about 75% by mass and 78% by volume of the 
atmosphere. It is perhaps the most studied of all the various essential elements necessary 
for crop production. It continues to receive considerable attentions due to its significance 
as a major limiting nutrient in agricultural sustainability and also as a potential aquatic 
pollutant (Hamilton and Luk, 1993). Nitrogen (N2) molecules are unreactive, but nature 
has provided the mechanisms by which its atoms can be chemically combined with 
hydrogen, oxygen, or carbon in other biochemical compounds. 
The subject of soil N is extremely complex and diverse. It involves the 
distribution and transformation of organic and inorganic N forms in soils as well as their 
atmospheric and biospheric interrelations (Carski and Sparks, 1987; Stevenson, 1982a). 
The organic forms account for more than 95% of the total N in most noncalcareous 
surface soils in most regions of the world. The proportions of organic and inorganic N 
contents of soils vary considerably, depending on the nature of the soil and depth in the 
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profile. Troeh and Thompson (1993) report an average inorganic N of less than 33 kg 
ha'^ and one hundred times this amount for organic N in an average furrow slice. The 
yearly quantity of N added to soils in atmospheric precipitation is too small to be of any 
significance to crop production, although such quantities may be important to the 
economy of undisturbed natural forests and native grasslands (Stevenson, 1982a; 
Tabatabai, 1985). 
Organic N is associated with the more resistant pool of soU organic fractions and 
constitute a major portion of protein and other complex molecules. A high amount is 
present as annine groups (-NH2) in amino acids and amino sugars or is bonded to carbon 
in ling and chain structures. Soil organic N has been difficult to quantify in terms of 
plant availability (Carski and Spaiks, 1987), but access to advanced analytical techniques 
has enabled separations of organic N into broader firactions (e.g., humic and fulvic acids) 
and individual amino acids. 
Nitrogen dynamics in soils are affected by several factors, including percentage of 
organic matter, C/N ratio, pH, microbial population, clay content, and management 
systems. Crop rotations, N fertilizations, lime applications, tillage, and residue 
management practices are some of the soil mangement systems known to have profound 
effects on the chemical, biological, and physical characteristics of soils. Monoculture is 
considered the cultivation of the same crop on the same piece of land yearly while two or 
more crops grown in recurring sequence constitute crop rotations. A monoculture or crop 
rotations in sustainable agriculture has been used for different reasons. Monoculture is 
favored by those who desire to match a particular crop with a particular soil phase. 
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whereas crop rotations are favored by others because of possible increase in organic 
matter and N contents, aggregate stability, and permeability to air and water from such 
rotations (Troeh and Thompson, 1993). Rotations that contain legumes have been shown 
to increase the N content of the soil organic matter (Campbell, 1978). 
Increasing economic and environmental concerns over the years have led to 
developing tillage practices that give greater protection to soil and reduce water losses. 
Conventional tillage has long involved plowing to cover crop residues and disking to 
decrease soil aggregate size. Reduced soil organic matter contents and increased soil 
compaction are expected outcomes of most tillage practices. Tillage and residue additions 
to soils produce greater aeration, thus stimulating increased microbial activities and 
increased rates of organic C degradation. As reported by Tisdale et al. (1985), the decline 
is most rapid during the first 10 years after the initiation of cultivation and continues to 
steadily diminish for several decades until an apparent equilibrium is reached depending 
on the prevailing conditions. Excessive tillage of the soil tends to facilitate erosion, thus 
resulting in the physical loss of organic nnatter and other components. No-till eliminates 
any form of tillage except planting and generally reduces soil erosion. 
Crop residue management has been initiated to leave more of the harvest residues, 
leaves, and roots on or near the surface and increase organic matter CTisdale et al., 1985). 
Griffith et al. (1973) reported that residues on the soil surface reduced soil temperature by 
about 4°C. Residues left or placed on land surface are known as mulches. Mulching 
helps keep the soil permeable, control wind and water erosion, shade and insulate the soil 
and thus lower die soil temperature. Residue additions to soils have been shown to affect 
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soil C/N^, CyP, and N/S ratios reflecting changes in the chemical composition of soil 
organic matter (Campbell, 1978). 
Studies have been reported on the effects of various soil management systems on 
enzyme activities in soils (Dick, 1984; Dick et al., 1988). Enzyme activities could 
differentiate among soil management practices, ecological stress or restoration because 
soil organic matter changes very slowly and many years could be required to measure 
changes &om pertubation (Dick, 1992, 1994; Dick and Tabatabai, 1992). Briceno-Salazar 
(1988) studied the effect of cropping systems on the activity of soil enzymes and found 
both crop rotations and N fertilization treatments to significantly affect enzyme activities. 
The studies also showed that crop rotations that included forages generally showed higher 
enzyme activities than corn-soybean rotation or continuous com. 
Ammoniacal N fertilizations and liming are common agricultural practices to 
improve the soil environment for plant growth and development Nitrogen fertilizations 
are associated with large amounts of acidification in soils. Liming practices are used to 
neutralize excess acidity and maintain proper pH for crop production. These changes in 
soil pH affect soil enzymatic and microbial dynamics and hence N and other nutrient 
cycles in soils. 
The adoption of long-term cropping systems and liming practices in sustainable 
agricultural practices has generated interest in recent years. There is a need for studies to 
determine which soil management practices affect soil sustainability and subsequent 
productivity. Certain soil management systems may a^ect amino acid composition of soil 
organic matter, enzymatic activities in soils, fixed in soils, N mineralization and 
9 
nitrification in soils. Such information is also needed to evaluate the quality of our 
environment and soil resources. 
Biological Nitrogen Fixation in Soils 
Nitrogen is an inert diatomic molecule (Nj), that is colorless, odorless, and 
tasteless. The inertness results from the high bond energy (946 kJ Mol'^) of the N-N 
bond. Its Lewis dot formula shows a triple bond and no unpaired elections. Although Nj 
molecules are unreactive, a comparatively few organisms have the ability to incorporate N 
atoms into other compounds. The N cycle was formulated by Lohnis in 1913 as indicated 
by Paul and Clark (1989). Within the N cycle are a series of complex biochemical and 
physicochemical reactions and transformations that slowly but continuously recycle N in 
the atmosphere, lithosphere (tarth), and hydrosphere (water). Nitrogen balance in soils is 
reported to be generally maintained by biological fixation of variable amounts of 
atmospheric N by some species of free-living bacteria, actinomycetes (Frankia), and blue-
green algae (cyanobacteria) in symbiotic or nonsymbiotic association with higher plants. 
Aerobic, gram negative bacteria of the genera Rhizobium and Bradyrhizobium found in 
legume-root nodules are known to symbiotically fix appreciable amounts of Nj. The 
bacteriods in the nodule cells utilize plant photosynthate as the energy source and develop 
the ability to fix N2 for plant growth and development (Kouchi et al., 1991). According 
to Brady (1984), the amount of global Nj fixed yearly exceeds the amount supplied by 
chemical fertilizations. The Nj-fixation by Rhizobium-legamt symbiosis has been 
estimated to be about 140 kg of N ha'^ yr'* (Bums and Hardy, 1975). The association is 
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reported to be a major biological means of Nj fixation in soils by crops. 
Two main groups of bacteria are capable of nonsymbiotic N fixation among which 
are the aerobic N fixers such as Azotobacter and the anaerobic forms such as Clostridium. 
The biochemistry of N2 fixation is essentially the reduction of Nj gas to NH3 and the 
reaction with organic acids to form proteins. Nitrogen fixation reactions are catalyzed by 
the enzyme nitrogenase. This enzyme is essentially a two-membered protein complex 
consisting of a large Fe- and Mo-containing member and a small companion containing 
Fe (Brady, 1984). The O2 concentration in the nodule is usually controlled by an Fe-
heme protein or leghemoglobin. Above a certain threshold level, and depending on the 
symbionts, its production is inhibited by the presence of NH/ and or NOj" in the soU. 
Certain environmental factors have been mentioned as crucial to N2 fixation, among 
which are the legume and Rhizobia specificity, amount of inorganic N in the soil, 
concentration levels of available P and K, soil acidity (pH), temperature, soil moisture, 
and other essential nutrients and energy sources (Alexander, 1991). All these factors are 
likely affected by soil management systems. 
Blue-green (cyanobacteria) algae are complete autotrophs requiring mainly light, 
water, firee Nj, CO2, and salts with essential mineral elements. They are capable of 
surviving in deserts, on barren wastelands, and rock surfaces. They are of particular 
importance in N cycles in paddy rice productions (Cameron and Fuller, 1960; De and 
Mandal, 1956). Soil acidity significantiy influences the proliferation of N fixers in soils. 
Azotobacter is characteristically sensitive to low pH, while Clostridium and the tropically-
distributed Beijerinckia are acid tolerant Investigations by Jurgensen and Davey (1968) 
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showed a general lack of Nj-fixing algae in acid forest soils. Temperatures also affect the 
abundance and activity of N2 fixers. Their activities are reduced at low temperatures, but 
Nj uptake increases with increasing temperatures and terminates at a few degrees beyond 
the optimal temperature of 37°C (Alexander, 1991). 
Amino Acid Composition of Soil Organic Matter 
Soil organic matter (SOM) is a soil property of major significance in long-term 
soil productivity and is the sole source of native organic N in soils. Soil organic matter 
can be arbitrarily divided into relatively stable and active fractions (Campbell, 1978). The 
stable fraction is very closely associated with the chemical and physical properties of 
soils, notably their moisture-holding capacity, ion exchange capacities, and porosity. The 
active fraction is more readily associated with the ability of soils to cycle and supply 
available nutrients, particularly N (Campbell et al., 1991). Agronomic practices such as 
crop rotations, fertilizations, and liming affect the quantity and quality of soil organic 
matter. Cropping systems differ in the amount of plant residues and subsequent N 
contribution to soils. The accumulation of soil organic matter is in part related to N 
content Crop residues incorporated in soils also affect the chemical composition of soil 
organic matter and quantity of soil amino acids. Residues added to soils have been 
shown to affect soil C/N, C/P, and N/S ratios, indicating changes in the chemical 
composition of soil organic matter (Campbell, 1978). When crop residues low in N are 
turned under, much of the C will be evolved as CO2 before the ratio approaches 10 or 
12:1 aisdale et al., 1985). 
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Soil organic matter can best be classified into residues and humus. Humus results 
from humification of plant and animal residues in soils. The more resistant humus or 
humic substances are characterized by several polymeric constituents linked to amino 
acids. These substances wiU form a dark brown or black solution in weak NaOH or 
NH4OH. Acidification with HQ to pH 2 precipates a humic fraction that is insoluble in 
alcohol. A large number of organic compounds, including amino acids, have been 
identified in soil humic fractions. 
Several investigators have reviewed or investigated the effects of cropping systems 
on soil organic matter and amino acids composition (Allison, 1973; Campbell, 1978; 
Campbell et al., 1991; Ensminger and Pearson, 1950; Keeney and Bremner, 1964; 
Kononova, 1966; Stevenson, 1982a). A study by Stevenson (1956a) with soils from the 
Morrow plots (established in 1876) at the University of Illinois and by using ion-exchange 
chromatography and ninhydrin reaction concluded that long-time cultivation without 
organic matter (untreated continuous com) additions led to an increase in the relative 
proportions of basic amino acids (ornithine, histidine, arginine, and lysine). Similar 
findings were observed in studies by Khan (1971) with surface soils from two cropping 
systems [five-year rotation of grains and legumes (wheat-oats-barley-legume-legume) and 
wheat-fallow sequence] in Canada. Rotations that include legumes have also been shown 
to increase the N contents of soil organic matter (Campbell, 1978). 
Studies by Gupta and Reuszer (1967) on the effect of plant species on the amino 
acid content of soil organic matter showed that after seven years of continuous cropping 
to alfalfa, bromegrass, and com, the soils contained 0.31, 0.29, and 0.27% N, respectively. 
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They extracted the amino acids by boiling 50 g of soil with 150 mL of 6 A/ HCl under a 
reflux condenser for 16 h and Hltering the hydrolysis mixture. The amino acids were 
separated by gradient elution from a cation-resin column and determined by reaction with 
ninhydrin. By using this method of amino acid separation, Gupta and Reuszer (1967) 
could separate and identify a mixture of 24 known amino acids. They reported that the 
a-amino N content of soils they studied ranged from 27 to 38% of the total N in soils 
under com, soybeans, and wheat (clover intercrop) rotation and under alfalfa, respectively. 
The total amount of amino acids was much greater in soils under alfalfa for seven years 
than any other treatment (com or bromegrass, or alfalfa or bromegrass grown for four 
years followed by three years of com). 
More recenfly, Warman and Bishop (1985) used a method involving treatment of 
soil with Qielex 100 Na-resin for extraction of humic materials, hydrolysis of the 
extracted organic material with 6 M HCl, and separation of the amino acids by reverse-
phase high performance liquid chromatography, after o-phthalialdehyde precolumn 
derivatization, by using a fluorescence detector with a 9-)iL flow cell. By using this 
method, Warman and Isnor (1991) determined the amino acid composition of peptides 
present in organic matter fractions of sandy loam soils and reported that they could detect 
15 amino acids in hydrolyzate of a Queens soil and 16 amino acids in a Pugwash soil. 
They showed that the contributions of amino acid N to the total N pool of the Queens 
sandy loam were 16 and 3.8% for cultivated and uncultivated soils, respectively. 
The corresponding values for the Pugwash sandy loam were 2.4 and 7.6%. As indicated 
by Stevenson (1982b), the distribution of amino acids in soils could be a function of the 
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synthesis and destruction by indigenous biota, adsorption by clay minerals, and reactions 
with quinones and reducing sugars. 
Soil Amino Acid Extraction and Analysis 
Amino acids exist in soils in such forms as free amino acids, amino acids bound 
to clay minerals, and humic colloids. Bound and free amino acids account for 20-40% of 
the total N found in soils (Bremner, 1965c). Several researchers (Grov, 1963; Grov and 
Alvsaker, 1963; Ivarson and Sowden, 1966, 1970; Monreal and McGill, 1985; Paul and 
Schmidt, 1960; Stevenson, 1982b, 1985) have studied "free" amino-acid contents of soils 
because it is an available energy source for soil microorganisms (Ivarson and Sowden, 
1966) and an available N source for plant growth (Broadbent, 1984). A typical 
fractionation of soil organic matter is based on the solubility of humic substances in 
strong base and strong acid, producing humin, fulvic and humic acids (Schnitzer, 1978; 
Stevenson, 1982b; Warman and Bishop, 1985). In attempting to understand the 
contributions of amino N compounds to the N pool, researchers have extracted and 
fractionated soil organic matter using several analytical techniques. Free amino acids 
have been extracted with distilled water, ether, alcohol, dilute Ba(0H)2, and NH4OAC 
(Stevenson, 1982b) and determined by chromatographic techniques. 
The HF-HCl pretreatments have been included in the extracting procedures in 
order to reduce soil ash contents in the extracts and to improve the extraction efficiency 
(Schnitzer, 1978; Thomas and Bowman, 1966). Warman and Bishop (1985) used HF-HCl 
as an extractant, in the fractionation of soil organic matter into low- and high-molecular-
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weight fractions. Techniques of amino acid determination, which are of major 
significance in biochemical and chemical studies, may have come of age over 40 years 
ago (Blackburn, 1978). The accuracy with which the amino acid compositions of protein 
can be determined depends not only on the instrumentation used in the determination, but 
also on the methods employed for hydrolysis. Acid hydrolysis of soils can be traced back 
to the procedures of Van Slyke (1911,1915). With these procedures, protein materials 
were hydrolyzed with hot strong acids to form amino-N that was analyzed for total or 
individual amino acids. Techniques for the hydrolysis of peptides and proteins have 
improved greatly over the last two decades. The methods utilizing HCl as the hydrolytic 
agent have been modified to minimize degradation of amino acids and alkaline hydrolysis 
are used in determining tryptophan destroyed in acid hydrolysis (Blackburn, 1978). 
With the apparent lack of a standardized procedure for soil amino acid hydrolysis, 
the widely accepted approach is to boil soil sanr5)les under reflux with 6 N H2SO4 or HCl 
for 12 to 24 h (Bremner, 1965c; Gehrke et al., 1985; Stevenson, 1982b). Its limitations 
are the partial destruction of S-containing amino acids and amides which are reported 
unstable in acid hydrolysis, loss of N as NH3 from glutamine and asparagine, complete 
loss of tryptophan contained in most proteins, and the incomplete extraction of several 
amino acids (Stevenson, 1982b). Bremner (1949) found maximal release of soil amino 
acids to occur in boiling 1 g of surface soil with 3 mL 6 N HCl for 12 h. Modifications 
to tiiis method have been investigated by several investigators (Bremner, 1949, 1965c; 
Cheng, 1975; Cheng et al., 1975; Sowden, 1969) using varying acid concentrations and 
heating temperatures. Amino acids may form chelated complexes with metal ions; 
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therefore, EiF-HCl pretreatment is required for the quantitative release of amino acids 
bound to clay minerals. Warman and Bishop (1985) modified the approach for extracting 
soil organic matter from field-moist soils and by using mild HF-HCl mixed reagents as 
pretreatments and Na-chelex 100 resin beads. 
Because of the major problems associated with HQ hydrolysis, some studies not 
involving soils have used sulfonic acids, a nonoxidizing strong acids as the hydrolytic 
agent for amino acid determination in a single hydrolysate (Simpson et al., 1976). This 
procedure developed by Simpson et al. (1976) involves the use of 4 iV methanesulfonic 
acid containing 0.2% 3-(2-aminoethyl) indole as the hydrolytic agent As reported by 
Simpson et al. (1976), the procedure distinguishes between free sulfhydryl groups (S-
caiboxymethylcysteine) and amino acids (S-sulfocysteine) having disulfide bonding. 
Methods employed to evaluate total amino acids in soil hydrolysates have 
included: (a) steam distillation in phosphate borate buffer after destruction of amino 
sugars with NaOH; (b) the ninhydrin-COj method that measures COj from carboxyl group 
of amino acids upon reaction with ninhydrin reagent; (c) colorimetric determination of 
alpha amino acids using ninhydrin reagent Bremner's (1950) initial work on amino acids 
using paper partition chromatography, which resulted in the isolation and identification of 
19 amino acids (glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic 
acid, glutamic acid, phenylalanine, arginine, histidine, lysine, proline, hydroxyproline, a-
amino-n-butyric acid, a,e-diaminopimelic acid, 6-alanine, and y-amino butyric acid), 
represents the first modem analysis of amino acids in soils. Stevenson (1954, 1956b) 
later identified 4 additional amino acids (ornithine, cysteine, methionine sulfone. 
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methionine sulfonide) in soU extracts using ion exchange chromatography. 
Ion exchange, gas, paper partition and thin-layer chromatography have all been 
used for analyzing soil amino acids. High-performance liquid chromatography (HPLC) 
has been used within the last 15 years, to provide a sensitive, rapid, and precise detection 
and quantification of amino acids in soil hydrolysates (Warman and Bishop, 1985, 1987). 
Warman and Bishop (1985) demonstrated the use of reverse-phase HPLC with a 
fluorescence detector for amino acid and amino sugar determination in soils. They 
identified 20 amino acids and 2 amino sugars using elaborate hydrolysis and 
derivatization processes for sample preparations. Other HPLC methods involve the 
separation of the anuno acids with cation-exchange resin and post column reaction with 
ninhydrin for absorbance measurement 
Amidohydrolases in Soils 
The enzymes L-asparaginase, L-glutaminase, amidase, urease, and aspartase are 
important in N cycling in soils. With the exception of urease, they are considered to play 
significant roles in the N mineralization of soils. These enzymes are reported to be 
widely distributed in nature, including in different strains of microorganisms. They cleave 
C-N bonds other than peptide bonds in linear amides and release NHj (Ladd and Jackson, 
1982; Tabatabai, 1994). According to Ladd and Jackson (1982), amide hydrolysis is a 
nucleophilic displacement reaction in which the displaced N atom leaves as an NH/ 
group. Amidohydrolases are specific in that each enzyme catalyzes a specific reaction 
(Tabatabai, 1994). The enzyme L-asparaginase (L-asparagine amidohydrolase EC 3.5.1.1) 
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catalyzes the hydrolysis of L-asparagine, producing aspartic acid and NH3. The reaction 
catalyzed by L-glutaminase (EC 3.5.1.2) involves the hydrolysis of L-glutamine yielding 
L-glutamic acid and NH3. Amidase (acylamide amidohydrolase, EC 3.5.1.4) catalyzes the 
hydrolysis of amides and produces NHj and the corresponding carboxylic acid. Urease 
(urea amidohydrolase, EC 3.5.1.5), although not involved in N mineralization in soils, 
catalyzes the hydrolysis of urea, added to soils as a fertilizer, to COj and NH3 Aspartase 
(L-aspartate-ammonia lyase EC 4.3.1.1) is the enzyme that catalyzes the hydrolyzes of 
aspartic acid produced from the hydrolysis of L-asparagine by L-asparaginase to fumarate 
and NH3. 
Studies on the activities of L-asparaginase, L-glutaminase, amidase, and urease in 
soils have been reported (Ladd and Jackson, 1982; Tabatabai, 1994), but systematic 
studies of factors affecting the release of NH/ in the hydrolysis of aspartic acid by 
aspartase in soils have not been reported. Aspartase was first postulated to exist in 
Escherichia coli nearly a century ago (Harden, 1901). Quastel and Woolf (1926) were 
the first investigators to establish the stoichiometry of its reaction and to demonstrate that 
the enzyme is a deaminase rather than an oxidase (Williams and Lartigue, 1967). Studies 
have shown that it is absolutely speciHc for L-aspartate as a substrate (Falzone et al., 
1988; Krasna, 1958); it shows no activity with the D-isomer of aspartic acid (Virtanen 
and EUfolk, 1955). Up to 1967, very litde importance was given to this enzyme because 
of its somewhat uncertain importance in the intermediary metabolism of plants and 
microorganisms, and because of its conspicuous absence in human and animals with the 
possible exception of the frog (Williams and Lartigue, 1967). 
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Aspartase has been detected in various bacteria, plants, and certain animal tissues 
(Cook and Woolf, 1928; Kurata, 1962; Virtanen and Tamanen, 1932). Therefore, its 
presence in soils is expected Plants and microorganisms are probable sources of 
aspartase in soils. However, the primary source is believed to be microbial in nature. 
Bacterium cadaveris and Proteus vulgaris organisms are reported to be important sources 
of aspartase (Emery, 1963). Aspartase has been detected in pea shoots and in young 
grass and determined to significantly increase bacteriods activities in soybean root nodules 
(Kouchi et al., 1991). 
Aspartase purified from E. coli W cells and Entrobacter aerogens is tetrameric, 
composed of four identical subunits, and has a molecular weight of 193,000 (Ida and 
Tokushige, 1985; Suzuki et al., 1973) or 180,000 (William and Lartigue, 1967). The 
enzyme catalytic action depends upon free sulfhydryl groups located at the active sites, 
the oxidation of which inactivates the enzyme (Depue and Moat, 1961; Mizuta and 
Tokushige, 1975). There have been several reports on the divalent metal ion activation of 
aspartase (Ichihara et al., 1955; Wilkinson and Williams, 1961). Aspartase is reported to 
contain or require divalent metal ions possibly an alkaline earth metal (Mg), to be active 
above neutral pH (Rudolph and Fromm, 1971). 
Early reports (EllfoUc, 1953) also indicated that aspartase is strongly inactivated by 
certain metals and metal-chelates. Studies reported by Virtanen and EUfolk (1955) 
showed the enzyme is strongly inhibited by Ag, Hg, Zn, Cd, and Co and weakly inhibited 
by Pb and NL The inhibition is due to the existence of an essential thiol group in the 
enzyme and the combining reactions that form mercaptides. Inhibition of aspartase by 
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citrate, EDTA, and phosphate are reported due to chelation-complexadon of the divalent 
metal ion required for enzymatic activity at higher pH. But in a system with sufficient 
divalent metal ions, to account for metal ion binding to chelates, litde or no aspartase 
inhibition was reported by these compounds. 
In studies using Tris-HQ buffer, maximum enzyme activity occurred at pH 8.5 for 
aspartase purified from E. aerogenes and E. coli (Suzuki et al., 1973; Williams and 
Lartigue, 1967). Earlier studies reported optimum pH values between 7 to 7.5 by using 
0.15 M Michaelis-Veronal acetate buffer, and between pH 6.5-6.8 in 0.1 M phosphate 
buffer (Williams and Mclntyre, 1955). 
To my knowledge, no report is available about the activity of this enzyme in soils. 
Information about its distribution, specificity, and kinetic properties in soils deserves 
special attention because one of its products is a potential source of N fertilizer. It is also 
significant in the N mineralization in soils because it catalyzes the hydrolysis of aspartic 
acid produced in the hydrolysis of L-asparagine by L-asparaginase (Frankenberger and 
Tabatabai, 1991a) to fumaric acid and NHj. 
Inorganic Forms of Nitrogen in Soils 
The oxidation states of the N atom range firam +5 as in dinitrogen pentoxide 
(NjOj) and NO3" to -3 as in ammonia (NH3) or ammonium ion (NH,^). Among the many 
inorganic N reaction intermediates, NO3", NOj", exchangeable NH/, nonexchangeable 
(mineral-fixed) NH/, dinitrogen gas (Nj), and nitrous oxide (NjO) may form in soils, but 
NH/, NO2", and NO3" are the most important inorganic forms from the agronomic stand 
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point Under noimal, aerobic field conditions, NOj' is readily oxidized to NO3'. Of these 
intermediates, is the most important form in the synthesis of proteins and nucleic 
acids for plant protoplasms (Tisdale et al., 1985). Nitrate taken up by plants undergoes 
assimilatory reduction to NH/ using energy obtained from the photosynthetic processes. 
The NH4^ can combine in various ways with several organic compounds, such as 
glutamate, to produce the amide glutamine or, depending on the type of species, such 
amino acids as asparagine, aspardc acid, and glutamic acid may be produced (Tisdale et 
al., 1985). In soils, NOj" is readily soluble in water and subject to leaching, water 
transport, and denitrification, while the NH/ is subject to volatilization and fixation by 
clay and soil organic matter in nonexchangeable status. 
Few of the several methods (coloiimetric, fluorimetric, potentiometric, and steam 
distillation) proposed for determining NO3' have been used for estimating NO3' in soils 
(Brenmer and Keeney, 1966; Carlson and Keeney, 1971; Dick and Tabatabai, 1979). Of 
these, steam distillation is considered the most accurate and precise method (Bremner and 
Keeney, 1966). The method involves using MgO and Devarda's alloy for reduction of 
NO3" to NH3. The NH3 produced under steam distillation is collected in boric acid 
containing bromocresol green and methyl red indicators followed by titration with 
standard, dilute H2SO4 (Keeney and Nelson, 1982). A review of these methods, including 
other methods used for determining NH4% N02", and NOs", is presented by Keeney and 
Nelson (1982). Each of these methods has advantages and limitations, especially when 
used to determine NO3' in soil extracts. 
The ion chromatographic method was evaluated by Dick and Tabatabai (1979) for 
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determining NO3' in various soil extracts. Their results showed that extractable NO3' in a 
variety of soils closely agreed with those obtained using the steam distillation method. 
Ion chromatographic methods are free of NOj' interference and can detect as little as 0.2 
mg NOj" kg"' soil (Dick and Tabatabai, 1979). It is also highly sensitive, precise, and 
accurate for determination of NO3* in solution. However, the method requires a relatively 
high initial cost and the solution injected for analysis must be low in organic materials 
and soluble salts. Nitrite concentration in soil extracts is normally determined 
colorimetrically by using the Griess-Hlosvay method, specific ion electrode, or steam 
distillation after treating the soil extracts with sulfamic acid to convert the NOj" to Nj 
(Bremner and Keeney, 1966; Tabatabai, 1974). 
Fixed Ammonium in Soils 
Fixed or nonexchnageable NH/ in soils is defined as that NH/ which is not 
extractable with neutral K salt solution (SSSA, 1987), but released by 5 Af HF-1 M HQ 
solution after pretreatment with alkaline KOBr (Bremner, 1965b). Ammonium may occur 
in soils as recently fixed, native fixed (or intercalated as suggested by Osborne, 1976), 
and in exchangeable forms. Recently fixed NH/ is derived from fertilizers, 
mineralization of organic matter, or other sources contributing to the nonexchangeable 
pool. Recently fixed NH/ is involved in the N dynamics of soils (Mengel and Scherer, 
1981), and may be an important component of the N fertility status of some agricultural 
soils (Drury and Beauchamp, 1991). Recently fixed NH/ is also reported to be generally 
available for plant and microbial uptake (Baethgen and Alley, 1987; Black and Waring, 
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1972; Mengel and Scherer, 1981; Nommik, 1957). Release of the recently fixed NH/ in 
soils is governed by soil phase and clay mineral content (Scherer and Mengel, 1986) in 
addition to the plant species growing on the soil (Smith et al., 1994). TTie recently fixed 
NH/ is regulated by its thermodynamic equilibrium with various forms of NH/ in soil-
solution system (Baethgen and Alley, 1987; Nommik and Vahtras, 1982): 
NH/ in solution = exchangeable NH/ = nonexchangeable NH/. 
A decrease in the quantity of NH4^ in the soil-solution system stimulates the release of 
some amount of NH/ from the fixed position. But addition of substantially large 
quantities of ammoniacal fertilizer for an extended period of time may increase the 
amount of nonexchangeable NH/. 
The source of native fixed NH/ is that NH/ incorporated into minerals during 
hydrolysis of magma (Goldschmidt, 1954), regional metamcrphism of organic rich 
sediments (Martin et al., 1970), or hydrothermal alteration by NH/-rich waters (Erd et al., 
1964). Many soils contain varying proportions of fixed NH/ within the lattice structure 
of minerals (illites and vermiculites especially), particularly in lower depth in soil profiles. 
Research on the native or indigeneous fixed NH/ dates back more than four decades to 
the work of Rodrigues (1954), who concluded that soils contain significant amounts (14 to 
78% of the total N) of fixed (nonexchangeable) NH/ that can be determined by HF 
extraction. But the ability of soils to fix NH/ in nonexchangeable form from added 
anrunonium fertilizers was initially demonstrated by McBeth (1917). 
As reported by Young and Aldag (1982), fixed NH/ may constitute > 50% of the 
total N in some subsoils and from 3 to 10% of the total N in a wide variety of surface 
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soils. Typically, the proportion of fixed NH4* increases with soil depth, and may 
constitute >85% of the total N in some subsoils. A general mechanism to describe NH/ 
fixation in clay lattices was first suggested by Page and Baver (1939). They reported that 
cations similar in size to the hexagonal openings in the tetrahedral sheets of 
phyllosilicates (2:1) clay minerals are easily fixed by expanding clay minerals. An 
entrapped NH/, like K*, fills interstitial lattice cavities formed by hexagonal oxygen rings 
within layer silicate surfaces and neutralize negative charges resulting from isomorphous 
substitution from either octahedral or tetrahedral lattice layers. In a review article, 
Nommik and Vahtras (1982) presented the mechanisms and potential factors influencing 
NH/ fixation in soils. 
Even though there is growing evidence indicating that a fraction of fixed or 
nonexchangeable NH/ in soils is potentially available to crops, present information on the 
mechanisms regulating its release and subsequent uptake are inadequate to conclude that it 
contributes to the nutrition of field crops (Breitenbeck and Paramasivam, 1995). 
Nonexhangeable NH/ resists removal by neutral, 2 M KCl solution, whereas the 
exchangeable form can be extracted from soils almost exclusively with 2 M KQ and 
determined by steam distillation and titration (Keeney and Nelson, 1982). The 
determination of fixed NH/ in soils involves oxidation of the soil organic matter with a 
strong oxidizing agent such as an alkaline potassium hypobromite (KOBr-KOH) solution, 
the removal of the exchangeable NH/ with a KQ solution, before the release of the fixed 
NH/ from the mineral residues by digestion with a HF-HCl reagent (Silva and Bremner, 
1966). This method is reported to prevent an unconfirmed enrichment of clay with NH/ 
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released in the oxidation of organic fractions (Dhariwal and Stevenson, 1958; Silva and 
Bremner, 1966). According to Breitenbeck and Paramasivam (1995), the blocking effects 
of added K* may not completely prevent the loss of recently clay-fixed NH/ in soils 
treated with strong alkaU. 
Nitrogen Mineralization and Nitrification in Soils 
Numerous biochemical compounds are an intrinsic part of the soil structure. They 
are chiefly derived from plant residues, microorganisms, and animal remains. Included in 
these biochemical compounds are three biological forms of N; protein, microbial cell wall 
constituents (chitin and peptidoglycans), and nucleic acids. The biochemistry of N in 
soils is related to the various biochemical transformation processes in microenvironments 
in which microbes exert their catalytic actions to release plant-available N from the soil 
organic constituents (McLaren and Packer, 1970; Stevenson, 1985). Nitrogen 
mineralization-immobilization interchange is central to the N cycle in soUs. 
Mineralization and immobilization govern the release and incorporation of N into soil 
organic matter. Nitrogen mineralization (or release) is the microbial transformations of 
the immobile, relatively unavailable organic N to the more mobile plant available 
inorganic N (NH/, NOj*, NO3 ) forms. Nitrogen immobilization (or tie-up) is the 
microbial assimilation of inorganic or mineral N into amino acids and subsequent 
microbial biomass in the presence of readily available carbonaceous material. The focal 
point of N transformations in soils is the NH4^-N pool, for it lies at the crossroads of the 
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aminization, airunonification, and nitrification processes: 
aminizadon ammonification nitrification 
Proteins > R-NHj > NH/ > NO2' > NOj" + energy. 
The breakdown of proteins, nucleic acids, and other N compounds is the result of 
the action of a broad spectrum of microorganisms, each with a specific function in the 
degradation pathway (Alexander, 1991). Bacteria, fiingi, and actinomycetes can slowly 
increase NH/ concentration in soils from the organic materials (ammonification) into 
varying quantities. Aminization and ammonification are dependent on heterotrophic 
microorganisms and enzymes produced, while nitrification of NH4'^ to NOs", is primarily 
by obligate autotrophic aerobic soil bacteria in a two-stage oxidation process. This 
process occurs under soil conditions in which microbial development is limited by 
available C and energy (Schmidt, 1982). 
Nitrogen mineralization is a prime link between higher plant development, 
microbial, and chemical N transformations in soils (Tate et al., 1991; Hook and Burke, 
1995). The easily mineralized pool is considered the most important in providing N to 
crops (Jenkinson, 1968; Stanford and Smith, 1972). Its quantification has been the focus 
of N availability research (Carski and Sparks, 1987). Nitrogen mineralization rates (gross 
ammonification minus immobilization) in soil have traditionally been determined by 
measuring accumulated inorganic N, mainly NOj'-N (Boyle and Paul, 1989). The amount 
of N mineralized or immobilized during organic residue degradation in soils is affected by 
crop growdi and soil management practices (Vigil and Kissel, 1991). It is estimated that 
between 1 and 3% of the total N in soils is mineralized in a growing season (Bremner, 
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1965a). Nitrogen mineralization is retarded in extremely dry and frozen soils because of 
restricted microbial activity. Experimental evidence suggests that N mineralization 
proceeds differently under fluctuating temperature conditions than it does at constant 
temperature (Das et al., 1995). 
Because most soil N is in organic form and because of the increasing cost of N 
fertilizers and concerns over N pollution of the air and water resources, information about 
the rate of N mineralization is required to estimate and predict N availability during a 
cropping season (Sema and Pomares, 1992). Crop residues in addition to Ume 
applications not only contribute nutrients to plants but also affect N mineralization in 
soils. Other factors that affect N mineralization in soils are tillage and cropping systems. 
Legg (1975) suggested that organic and mineralizable N contents are higher in soils from 
no-till systems than from conventionally tilled systems. Q:opping systems differ in the 
amount of plant residues and associated N contents. The relative amounts of organic C to 
organic N (C/K ratio) influences N mineralization and immobilization in soils. According 
to Vigil and Kissel (1991), relationships are required in predicting the amount of N 
mineralized frx>m decomposing crop residues as a function of either the N concentration, 
C/t^ ratio, or some other easily measured chemical property of the residues. Incorporating 
crop residues with low N concentration into soils leads to increased immobilization of 
leftover residual mineral N in the soil after harvest After immobilization, mineralization 
of the previously immobilized N occurs resulting in a net release of N (Allison and Klein, 
1962; Chae and Tabatabai, 1986). Most reviews on C/N ratios indicate that plant residues 
with wider C:N ratios (CVN > 30 ) incorporated into soils favor N immobilization and 
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those with narrower ratios (C/N < 20) favor N release (mineralization) early in the 
decomposition process. 
Studies by Chae and Tabatabai (1986) on N mineralization in soils amended with 
various sewage sludges, animal manures, and plant materials showed the patterns and 
amounts of N mineralized were highly dependent on the composition of organic wastes 
and the chemical and physical makeup of the soils receiving such organic materials. 
According to the authors N mineralized during incubation studies follow one of these 
patterns: (1) immobilization of N during the initial period, (2) rate of release that 
decreases with time, (3) a steady, linear release with time over the entire incubation 
period, or (4) a rapid release of NO3' during the first few days, followed by a slower, 
linear release. 
According to Stanford and Smith (1972), net N mineralization proceeds in 
accordance with first-order kinetics. This apparent first-order kinetic behavior is due to a 
flush of mineral N upon wetting (Birch, 1958). Nitrogen mineralization under laboratory 
incubation (Campbell et al., 1984; Stanford and Smith, 1972) and field conditions 
(Cabrera and Kissel, 1988; Foster, 1989; Smith et al., 1977) is believed to follow first-
order kinetics, and the mineralization rate constants are believed to follow Qio temperature 
dependence (Das et al., 1995). The temperature quotient ((Jio) values are reported to 
range from 1.2 to 4, but studies generally show, a two-fold (Qio = 2) increase in the rate 
constants for every 10°C increase in temperature (Addiscott, 1983; Campbell et al., 1973; 
Stanford et al., 1975) and to vary with climate (Campbell et al., 1984). 
Nitrification is a worldwide phenomenon of paramount importance to agricultural 
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production, nutrient cycling, waste disposal, water, soil and environmental quality. 
Members of the genus Nitrosomonas, derive C for cell synthesis mainly from CO2, COj^, 
or HCOj" (Focht and Verstraete, 1977). They obtain energy for reduction of COj through 
the oxidation of NH/-N to N02'-N. Oxidation of N02'-N to NOj'-N is primarily by 
members of the genus Nitrobacter. Winogradsky is credited with first isolating nitrifiers 
between 1889 and 1890 (Waksman, 1946), but the first experimental evidence detailing 
nitrification as a biological process was provided by Schloesing and Muntz in 1877 
(Alexander, 1991; Paul and Clark, 1989; Schmidt, 1982). Nitrification is significantly 
influenced by such soil conditions as moisture supply, soil acidity, and temperature. 
Some investigators have emphasized the influence of temperature on nitrification 
(Anderson and Purvis, 1955; Fredrick, 1956; Sabey et al., 1956; Seifert, 1961; Tyler et al., 
1959; Waksman and Madhok, 1937). Waksman and Madhok (1937) and Fredrick (1956) 
reported temperature ranges between 27 and 2)TC are most favorable for the nitrifying 
bacteria and nitrification rates are reduced below and above these temperature ranges. 
Continuous application of ammonium-forming fertilizers could enhance 
nitrification rates. Studies by Tabatabai et al. (1992) showed nitrification rates were 
significantly greater in soils treated with ammonium or ammonium-forming fertilizers 
than their untreated counterparts, suggesting that soils fertilized with ammonium or 
ammonium- forming fertilizers, could either increase the nitrifiers populations responsible 
for nitrification in soils and/or that such treatments increased their adaptations and 
efficiency by inducing the enzymes responsible for oxidizing NH/ to NO3" in soils. 
Nitrification reactions require O2 and occur most readily in well-oxygenated 
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environments. Under conditions of limited aeration, gaseous N compounds may be 
formed by organisms using NOs" as an electron acceptor in denitrifying NOj'. 
Nitrification reactions in soils release hydrogen (R*) ions that contribute to the 
acidification of soils. In addition to this form of acidification, certain organic acids are 
produced in soils from microbial and enzymatic actions in tiie decomposition of crop 
residues added to soils (Chou and Patrick, 1976; Fu, 1989; Robert and Berthelin, 1986; 
Schwartz et al., 1954; Turtura et al., 1989; Wang et al., 1967; Winter, 1961). 
Acidification leads to significant changes in microbial dynamics and consequently 
in nitrification rates. Studies by Karmarkar and Tabatabai (1991) showed certain organic 
acids either inhibit or activate nitrification in soils; formic, acetic, and fumaric acids 
enhanced the production of NOz'-N in a calcareous Canisteo soil, whereas other aliphatic 
and aromatic acids decreased the accumulation of NOj'-N. 
Potentially Mineralizable Nitrogen and Nitrogen Availability Indexes 
The concept of readily mineralized organic N fraction is used in assessing soil N 
availability in cropland, forests, and waste-disposal sites (Campbell et al., 1984; Chae and 
Tabatabai, 1986; Fyles and McGill, 1987). Nitrogen mineralization potentials are used to 
evaluate the effects of such agricultural practices as N fertilizations, tillage, crop rotations, 
and manure amendments on soil fertility (Campbell and Souster, 1982; Carter and Rennie, 
1982; Doran, 1980a,b; El-Hairis et al., 1983; Griffin and Laine, 1983). The potentially 
mineralizable N (Ng) of a soil, and its associated rate constants (k), are applied in 
characterizing the quantity of soil organic N susceptible to mineralization based on the 
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first order-kinetics model (Stanford and Epstein, 1974; Stanford and Smith, 1972; 
Stanford et al., 1973). Stanford and Smith (1972) derived the mineralization rate 
constants (A:) and from this exponential model: log (Ng-N^ = log Ng-k,/ 2.303 (f) 
where: = N potentially mineralizable at the beginning of the experiment, 
2.303 = natural log factor, N, = cumulative N mineralized or released at 
time (0, and k = time invariant mineralization rate constant 
The k is temperature dependent (Campbell et al., 1981, 1984; Stanford et al., 
1973). Some of the assumptions considered in using this model are that only one form of 
potentially mineralizable N exist and decomposes at a rate proportional to its 
concentration and, secondly the cumulative N mineralized (N^ is a linear function of the 
square root of time, at least for the first nine weeks of incubation (Molina et al., (1980). 
This model has been used, modified, and discussed in great details by several scientists 
(Bonde and Rosswall, 1987; Campbell, 1978; Campbell et al., 1981, 1984, 1988; Chae 
and Tabatabai, 1986; Deans et al., 1986; EUert and Bettany, 1988; Fyles and McGill, 
1987; Juma et al., 1984; Myers et al., 1982; Olness, 1984). 
EUert and Bettany (1988) found that the model described above does not 
adequately describe mineralization in native and cultivated forest soils with fluctuating 
mineralization rates. They found that fitting nonlinear first-order models to the N 
mineralized during the various time intervals was superior to the cumulative approach. 
Juma et al. (1984) questioned not only what Ng actually represents but the universal use 
of k because an average N mineralization constant (k) used for estimating Ng may not 
hold for all soils. Cassman and Munns (1980) observed substantial differences in 
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mineralization rate constants (A:) for different soil depths. Griffin and Laine (1983) also 
observed significant differences in k values among soils that had received similar organic 
amendments. They concluded that a single k value could not be assumed for any one 
group of soils. As indicated by Chae and Tabatabai (1986), soil phases affect the N 
mineralizable (N^) pools and first order rate constants (k). 
Biological, biochemical, and chemical laboratory methods have been developed 
and evaluated to provide an index of N availability in soils (Bremner, 1965a, Dahnke and 
Vassey, 1973; Robinson, 1968). Such chemical methods as autoclave (Smith and 
Stanford, 1971), 0.5 M KMn04 (Smith and Stanford, 1971), 6 M HCl (Bremner, 1949), 
and 0.01 M NaHCOs (MacLean, 1964) have been proposed or studied. According to 
Dahnke and Vassey (1973), these chemical indexes have not been extensively used. 
Chemical indexes are generally more rapid, convenient, and precise than biological 
indexes and are less likely affected by sample handling and storage (Bremner, 1965a). 
However, these indexes may not selectively release the same firaction or fractions of N 
released in situ (Bremner, 1965a). According to Sema and Pomares (1992), soils 
chemically treated do not closely simulate the microbial processes responsible for 
mineralizing soil N or release selectively the fractions of soil N made available for plant 
growth by soil microorganisms. 
Any useful chemical index depends on the degree to which it is correlated with 
reliable biological measurements (Keeney, 1982). Studies on some Brazilian soils by 
GianeUo and Bremner (1986) showed that potential mineralizable N, based on the 
Stanford and Smith (1972) model, was closely correlated with NH/ extracted with boiled 
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2 M KCl for 4 h. According to Qay et al. (1990), autoclave extractable N is strongly 
influenced by fertilizer N, tillage, and residue management 
Biochemical methods for estimating the mineral N produced when soil is 
incubated under conditions that promote mineralization of soil N have gained considerable 
acceptance. A 16-week incubation period is usually needed to ensure that most of the 
potentially available N has been mineralized (King, 1984). Similar aerobic incubations 
have proven useful in assessing the effectiveness of temperatures during long-term 
(C^ampbell et al., 1981; Stanford et al., 1973, 1975) and moisture during short-term 
incubation studies on N mineralization (Cassman and Munns, 1980; Myers et al., 1982; 
Stanford and Epstein, 1974). A key objection to the use of chemical indexes is that they 
are completely emperical and such processes as N mineralization-immobilization turnover 
in soils are not considered (Keeney and Brenuier, 1964). Such factors as climatic 
fluctuations, residual inorganic N from previous N fertilization and soil management are 
known to hamper efforts to identify a useful laboratory index (Thicke et al., 1993). 
The biological methods are based on determining the amount of inorganic N 
removed by leaching after incubation. Although biological incubation methods provide 
relatively valid measurements of N mineralization potential of soils, they are impractical 
for routine use because of the time required for incubation (Keeney, 1982). Tabatabai 
and Al-khafaji (1980) consider leaching and incubation to simulate the removal of 
inorganic N by plants. Coirelations between N mineralization indexes and either plant 
yields in greenhouse trials or biological N indexes have frequentiy been good (Thicke et 
al., 1993). 
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PART I. EFFECT OF CROPPING SYSTEMS ON AMINO 
ACID COMPOSITION OF SOIL ORGANIC MATTER 
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INTRODUCTION 
In addition to changing the dynamics of organic C turnover, crop rotations and N 
fertilizations may affect the amino acid composition of soil organic matter. Different crop 
rotations have different rooting systems and will contribute different amounts of crop 
residues to soils between crop rotations. More than 90% of the N found in soils is 
organically bonded to soil organic matter, and from 20 to 40% of the organic N has been 
shown to be amino nitrogen (Bremner, 1965c; Kowalenko, 1978; Stevenson, 1982a,b; 
Warman and Bishop, 1985; Warman and Isnor, 1991). Amino acids are basic structural 
units of protein and peptides. Their presence in soils from the breakdown of proteins are 
natural substrates for soil enzymes involve in N turnover in soils. Amino acids serve as 
energy sources for soil microorganisms (Ivarson and Sowden, 1966) and are also 
considered important sources of N to plants (Broadbent, 1984; Kumari et al., 1987). 
Soil microorganisms may contribute to the soil amino acid fraction in microbial 
synthesis (Stevenson, 1956b). Although protein of higher plants may acquire special 
resistance to decomposition resulting in their accumulation as part of the N in soil organic 
matter, there is little evidence supporting the origin of amino acid components of soil 
organic matter (Wagner and Mutatkar, 1968). Treatments that will increase the return of 
organic N residues to soil will ultimately increase the amount of hydrolyzable amino 
compounds in soils (Allison, 1973; Campbell et al., 1991; Gupta and Reuszer, 1967; 
Stevenson, 1982a,b). 
Current interest in soil quality favors the need to increase the levels of the soil 
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organic matter content in order to increase the level of soil N. An examination of 
possible differences in the quality of soil organic N, in addition to microbial by-products 
in soils, is important (Wagner and Mutatkar, 1968). 
Soils under crop rotations and continuous N fertilizations should have marked 
effects on the amino acid composition in soils. There has been some studies on the effect 
of cultivation practices on the amino acid composition in soils. Stevenson (1956a) found 
that soils from untreated continuous-corn plot and untreated com-oat rotation plot had 
lower proportions of organic N as a-amino acid N than those from N treated com-oats-
clover rotations plot Studies by Keeney and Bremner (1964) showed cultivation led to a 
marked decrease in amino acid N. A recent study by Warman and Isnor (1991) 
concluded that peptide amino acid composition of corresponding size fractions often 
differed between cultivated and uncultivated soils of the same soil series. 
Although the levels of amino acids in soils are affected by these practices, limited 
information is available on the role of crop rotations and N additions on amino acid 
composition of soil organic matter. The objective of this work, therefore, was to study 
the effect of cropping systems on the amino acid composition of soil organic matter. 
37 
DESCRIPTION OF METHODS 
Soils 
The 10 Iowa surface soils used in this work are presented in Table 1. In the study 
on the effect of cropping systems on amino acid composition of soil organic matter, 
surface (0-15 cm) soil samples (Table 2) were collected from two long-term cropping 
systems at the Clarion-Webster Research Center (CWRC) in Kanawha and Galva-
Primghar Research Center (GPRC) in Sutherland, Iowa that were initiated in 1954 and 
1957, respectively CTable 3). The soil samples from the cropping systems were taken 
from two plots (6 m X 12 m) of each cropping system: (continuous com (CCCQ, com-
soybean-com-soybean (CSCS), or com-oats-meadow-meadow (COMM), meadow being a 
mixture of alfalfa {Medicago sativa L.) and red clover (Jrifolium pratense L.), and from 
two ammoniacal or urea-N fertilizer treatments (0 and 130, 180, or 200 kg N ha"' yr ') 
applied before com. All soil samples from each site consisted of the same soil phase: 
Webster silty clay loam (Fine-loamy, mixed, mesic Typic EndoaquoU) at the CWRC site 
and Galva silty clay loam (Fine-siity, mixed, mesic Typic HapludoUs) at the GPRC site. 
Chemical Analyses 
Chemical properties of soils used are presented in Tables 1 and 2. Subsamples of 
each soil were air-dried and ground to pass a 2-mm sieve. Organic C was determined by 
the Mebius (1960) method on <80-mesh (177 |im) sample, pH was determined on <2-mm 
soil sample by using a glass-combination electrode (soilrsolution ratio, 1:2.5) in 0.01 M 
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Table 1. Selected properties of soils used 
SoU 
Series Subgroup PH' Org.C Total N Clay Sand 
— g kg"' soil 
Weller Aquertic Chromic 6.0 12.2 1.40 235 46 
Fayette Typic Hapludalf 7.4 15.0 1.75 179 43 
Pershing Vertic Epiaqualf 6.0 15.7 1.40 291 45 
Grundy Aquertic Argiudoll 6.1 26.9 1.90 248 46 
Clarion Typic Hapludoll 6.3 31.2 2.35 264 250 
Webster Typic Endoaquoll 6.9 32.4 3.80 280 302 
Nicollet Aquic Hapludoll 7.0 33.8 2.19 254 316 
Okoboji Cumulic Endoaquoll 7.0 43.0 3.90 261 304 
Canisteo Typic Endoaquoll 7.4 35.2 3.02 312 190 
Harps Typic CalciaquoU 7.9 44.0 2.43 356 188 
^ Soil:water ratio (1:2.5). 
Table 2. Selected chemical properties of the soils sampled from long-term rotation experiments 
Chemical property® 
Research 
center 
Crop . N 
Rotation" treatment pH Organic C Organic N 
Clarion-
Webster 
at Kanawha (CWRC) 
Galva-
Primghar 
at 
Sutherland (GPRC) 
CCCC 
CSCS 
COMM 
CCCC 
CSCS 
COMM 
kg ha ' 
0 
180 
0 
180 
0 
180 
0 
200 
0 
200 
0 
130 
g kg"' soil 
6.13-6.44 
5.22-5.28 
6.88-6.78 
5.99-5.56 
5.87-5.85 
5.18-5.08 
5.65-5.88 
4.60-4.90 
5.45-5.69 
5.20-5.38 
5.52-5.90 
5.41-5.48 
(6.83) (5.78) 
(5.86) (5.13) 
(5.77) (4.75) 
(5.71) (5.45) 
28.9-30.5 
33.0-33.8 
31.7-33.5 
30.4-32.6 
32.6-33.4 
33.3-38.2 
22.5-22.6 
24.2-24.6 
23.5-24.8 
22.9-24.4 
23.8-25.2 
24.9-27.1 
(29.7) 
03.4) 
(22.6) (24.4) 
(24.2) (23.7) 
2.47-2.52 
2.50-2.75 
2.56-2.58 
2.63-2.75 
2.72-2.91 
2.95-3.14 
1.83-1.85 
1.95-2.02 
1.91-2.05 
1.98-2.13 
2.07-2.25 
2.20-2.07 
(1.84) (1.99) 
(1.98) (2.06) 
(2.16) (2.14) 
® Figures in parentheses are averages of samples from two replicate field plots. 
CCCC, Continuous com; CSCS, Corn-soybean; COMM, Com-oats meadow-meadow. 
Table 3. Locations, soil phases, and fertilizer treatments of the rotation experiments sampled 
Research center Soil phase Year® Rotation'' N fertilizer® 
Clarion-Webster Webster silty clay loam 1954 Continuous com 0 or 180 
at Kanawha Com-soybean-com-soybean 0 or 180 
(CWRC) Com-oat-meadow-meadow 0 or 180 
Galva-Primghar Galva silty clay loam 1957 Continuous com 0 or 200' 
at Sutherland Com-soybean-com-soybean 0 or 200 
(GPRC) Com-oat-meadow-meadow 0 or 130 
® Year experiment started. 
Samples taken after com. 
® Applied to com plots only. All plots received annual application of 29 kg/ha of P (60 lb/Ac of P2O5) and 
56 kg/ha of K (60 lb/Ac of Kp). 
130 kg/ha prior to 1983. 
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CaClj solution. Total N was determined by the seminiicro-Kjeldahl method described by 
Nelson and Sommers (1972). 
Organic Matter Extraction 
The extraction procedure used was the modified method described by Warman and 
Bishop (1985). A 2-g field-moist soil sample (on an oven-dry basis) was weighed into a 
40-mL centrifuge tube to which was added 35 ml 0.05 M HF-HCl. The mixture was 
shaken for 2 h. After shaking, it was centrifuged at 12000 g for 15 min and the 
supernatant discarded. The sample was washed with 25 mL HPLC grade water and 
centrifuged at 12000 g for 15 min and the supernatant discarded after this wash. 
Sodium-Chelex 100 resin (8 g) and 25 mL of HPLC-grade water were added to 
the residue and shaken overnight (approximately 16 h). Chelex 100 removes metals as 
suggested by Thomas and Bowman (1966) and reported by Warman and Bishop (1985). 
Following this shaking, the mixture was centrifuged at 8000 g for 30 minutes and the 
supernatant was transferred into a 100-mL bottle. The residue (soil and chelex) was 
washed twice vsdth 25 mL HPLC-grade water followed by centrifuging at 8000 g for 30 
min. After the second washing, the residue was discarded. All the supematants obtained 
for a particular soil sample were combined in a single bottle and left to stand for several 
hours (for sedimentation). The supernatant was filtered through a Whatman #1 filter 
paper. The fildi^te thus obtained was flash evaporated at 30°C and made up to 5 mL to 
obtain a crude extract 
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Amino Acid Analysis 
Sample preparation 
This was performed at the protein facilities of the University of Iowa, Iowa Qty. 
The samples submitted in solution were aliquoted (200 |iL) into individual vials. The 
vials were then placed in the Speed-Vac, the aliquots evaporated to dryness, and treated 
with 100 ^ of 6 HQ and norleucine (an internal standard) was added to each 
hydrolysis vial. The dead air space was purged with argon gas to displace atmospheric 
O2. The reaction vials were then sealed and place in an oven at 110°C for 24 h. 
Sample analvsis 
Following hydrolysis, the vials were placed in the Speed-Vac where all the 
residual acid was removed by evaporation. Each entire sample hydrolysate was 
redissolved in sodium citrate diluent for determination of the individual amino acids by 
using a Beckman Model 6300 high performance ion-exchange analyzer. The separations 
were done using a 12-cm hydrolysate column and sodium citrate as an eluent in 
combination with three step temperature program. The system uses postcolumn reaction 
with ninhydrin for colorimetric measurement of the individual amino acids. The 
colorimetric method provides excellent quantitative recovery of amino acids over a range 
of 25 pmol to 20 nmol. The results are reported in mole percent and amino acid weight 
percent The response factors [Rf = concentration of each amino acid (1.25 
nmolAnjection) in a mixture of standard/peak area of the corresponding amino acid] were 
used to calculate the weight percentages for each amino acid in the sample. 
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RESULTS AND DISCUSSION 
A representative chromatogram obtained for individual amino acids from the 
HPLC method used is shown in Figure 1. The abbreviations used for the individual 
amino acids are reported in Table 4. 
The distribution of amino acids recovered in the hydrolysis of 10 Iowa surface 
soils is presented in Table 3S (Appendix). The individual amino acids expressed as 
percentages of total amino acids found in the siuface soils are shown in Table 6. The 
results indicate varying proportions of acidic (asparagine + aspartic acid, glutamine + 
glutamic acid), basic (arginine, histidine, lysine), and neutral (jphenyalanine, tyrosine, 
glycine, alanine, valine, leucine, isoleucine, serine, threonine, proline) amino acids. No S-
containing amino acids (methionine and cysteine) could be detected, these amino acids are 
degraded in the hydrolysis step. The variation in amino acid composition of the 10 
surface soil samples is not surprising because considerable differences in relative 
proportions of amino acids between grey and brown humic acid fractions have been 
observed even for the same soil (Lowe, 1973). Lowe (1973) also reported that the 
proportions of glutamic acid, proline, and leucine decreased relative to glycine. 
Increasing decomposition was also associated with increasing hexosamine levels. 
Asparagine plus aspartic acid were generally the highest concentration of the 
amino acids found, followed by glutamine plus glutamic acid (Table 35, Appendix). The 
highest concentration of amino acids was found in thi"; Harps soil, which also contained 
the highest organic matter and clay content The total amino acids for the soils ranged 
Figure 1. A representative HPLC chromatogram of amino acids of a soil organic matter extract 
Absorbance 
O.CCOO V.20CC 0.4GCC' 
O.CC 
lOv 
3S.61 lie 
49.43 his 
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Table 4. Abbreviations used to designate the 
amino acids extracted 
Asx Asparagine + Aspartic acid 
Thr Threonine 
Ser Serine 
Gbc Glutamine + Glutamic acid 
Pro Proline 
Gly Glycine 
Ala Alanine 
Val Valine 
ne Isoluecine 
Leu Leucine 
Tyr Tyrosine 
Phe Phenyalanine 
His Histidine 
Lys Lysine 
Arg Arginine 
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from 573 to 1384 mg kg'^  soil (Table 5 and Appendix, Table 35). The values showed a 
general increase with increasing organic C. Asparagine (and aspartic acid) and glutamine 
(and glutamic acid) were the largest fractions found (Table 6). The asparagine fraction 
ranged from 15.2% in Fayette soil to 23.8% in Webster and Canisteo soils. The 
glutamine fraction was more uniform among the 10 surface soils. The values ranged 
from 15.0% in Fayette, Grundy, and Canisteo soils to 16.7% in Pershing soil. Glycine 
ranged from 8 to 9% of the total amino acids found, followed by alanine (7 to 9%), 
threonine (6 to 7%), leucine (6 to 7%), serine (5 to 7%), and isoleucine (4 to 5%). The 
percentages of the other amino acids were < 4% of the total amino acids found (Table 6). 
Statistical analysis showed that the total amino acids was significantly correlated 
with organic C (Figure 2) and with clay content (Figure 3), with r values 0.79" and 
0.76**, respectively. Total amino acids values were not significantly correlated with total 
soil N, pH, and sand content (Figures 4-6). The result suggest that the amino acids exist 
in soils possibly bound to clay-organic matter complexes, resulting in stable protein 
constituents. Certain amino acids (tryptophan, methionine, and cysteine) were affected by 
the hydrolysis treatment, and could not be detected in the soil hydrolysates. 
Expressed as percentages of the organic C in soils, the amounts of organic C 
extracted ranged from 10.9% for Okoboji soil to 32.4% for Fayette soil (Table 5). The 
percentages of the organic N extracted ranged from 12.0% for the Okoboji soil to 27.4% 
for Harps soil. The amino acid N identified as percentages of organic N extracted ranged 
from 32% in Nicollet soil to 50% in Haips soil, and the C/N ratios of the extracted 
organic matter ranged from 10.1 in the extract of Okoboji soil to 14.9 in the extract of 
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Table S. The total amino acids and carbon and nitrogen extracted from soils^ 
Soil sample Total AA^ Carbon'^  Nitrogen C:N AAN^ 
mg kg ' soil g kg-i soil % 
WeUer 625 3.63 (29.8) 0.338 (24.3) 10.7 36.2 
Fayette 573 4.85 (32.4) 0.326 (18.8) 14.9 37.2 
Pershing 574 4.64 (29.6) 0.333 (23.9) 13.9 34.0 
Grundy 959 5.70 (21.2) 0.386 (20.4) 14.8 48.9 
Clarion 1045 7.31 (23.4) 0.572 (24.5) 12.8 36.2 
Webster 1122 6.83 (21.1) 0.504 (13.3) 13.6 44.2 
Nicollet 831 5.58 (16.5) 0.514 (23.6) 10.9 32.0 
Okoboji 865 4.69 (10.9) 0.463 (12.0) 10.1 36.9 
Canisteo 1283 6.30 (17.9) 0.620 (20.6) 10.2 40.7 
Harps 1384 7.68 (17.5) 0.663 (27.4) 11.6 50.0 
^Figures in parentheses are percentages of organic C and N extracted. 
^ Total Amino acid extracted. 
^ C:N ratio of the extracted soil organic matter. 
Amino acid N identified as percentage of organic N extracted. 
Table 6. Individual amino acids as percentages of total amino acids found in Iowa surface soils 
Soil sample Asx Thr Ser Glx Pro Gly Ala Val lie Leu Tyr Phe Fis Lys Arg 
Weller 16.5 6.6 6.4 16.6 4.0 8.8 8.0 5.1 4.3 6.4 1.8 2.6 1.9 6.2 4.8 
Fayette 15.2 5.4 5.1 15.0 3.5 8.0 6.5 4.7 4.4 5.9 a 2.3 14.3 5.1 4.7 
Pershing 15.5 6.6 6.4 16.7 4.4 8.9 8.5 5.2 4.9 6.3 — 2.6 2.3 6.4 5.2 
Grundy 16.4 7.2 6.5 15.0 3.9 8.9 7.9 5.9 5.0 6.5 — 2.7 2.0 6.7 5.5 
Clarion 20.5 6.7 6.0 15.9 4.4 8.4 7.5 5.6 4.7 5.7 — 2.9 1.5 5.5 4.7 
Webster 23.8 6.2 5.7 16.0 3.4 8.1 7.0 5.4 4.5 5.8 — 2.9 1.2 5.6 4.1 
Nicollet 17.4 7.1 6.4 16.0 3.9 8.9 7.9 5.8 4.8 6.0 — 2.8 1.8 5.7 5.5 
Okoboji 20.8 6.7 6.1 15.4 3.7 8.4 7.6 5.4 4.9 6.2 — 3.1 1.4 5.2 5.0 
Canisteo 23.8 6.2 5.2 15.0 3.7 8.1 7.1 5.8 4.9 6.6 — 3.3 1.1 4.8 4.4 
Harps 15.8 7.3 6.9 15.7 4.6 9.4 8.7 5.4 4.4 5.7 — 2.0 1.9 7.2 5.0 
Avg 18.6 6.6 6.1 15.7 4.0 8.6 7.7 5.4 4.7 6.1 0.2 2.7 2.9 5.8 4.9 
^—, Could not be calculated because peaks of unknown compounds appeared between the norleucine and tyrosine peaks. 
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Figure 2. Relationship between total amino acids of organic matter extracted 
from 10 Iowa surface soils and soil organic C 
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Figure 3. Relationship between total amino acids of organic matter extracted 
from 10 Iowa surface soils and clay content 
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Figure 5. Relationship between total amino acids of organic matter extracted 
from 10 Iowa surface soUs and pH 
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Figure 6. Relationship between total amino acids of organic matter extracted 
from 10 Iowa surface soils and sand content 
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Fayette soil (Table 5). Although these values varied among soils, the variations were 
within a narrow range. 
Effect of Crop Rotations and Nitrogen Fertilization 
The effect of crop rotations and N fertilizer treatments on the distribution of amino 
acids recovered in the hydrolysate is given in Tables 7 and 8 for the soils from CWRC 
and GPRC plots, respectively (for the amounts of amino acids, see Tables 36-39, 
Appendix). Generally, the results showed that asparagine plus aspartic acid and glutamine 
plus glutamic acid were the highest concentration of amino acids found in the soils from 
the CWRC plots, whereas glutamine plus glutamic acid were the highest concentration of 
amino acids found in the soils from the GPRC plots. The results showed the potential 
nature and distribution of native substrates for enzymatic action in N mineralization. The 
total amino acids of the soils from the CWRC plots ranged from 934 to 1509 mg kg*' 
soil, and the soils from the GPRC plots ranged from 566 to 1022 mg kg'* soil (Table 9). 
The total amino acids extracted varied between the soil samples of the repUcated plots, 
the results of some of the replicates agreed well. Both fields showed marked differences 
in total amino acids. Higher amounts of total amino acid was found in the soils from 
CWRC in comparison to similar treatments in soils from the GPRC site (Table 9). 
The soils of the CWRC plots also contained greater amounts of organic matter. 
The results support the views that increasing organic N residues ultimately increase the 
amount of hydroyzable amino compounds in soils (Allison, 1973; Campbell et al., 1991; 
Gupta and Reuszer, 1967; Stevenson, 1982a,b). The total amino acid contents of the soils 
Table 7. Individual amino acids as percentages of total amino acids found in soils under different cropping 
systems at the Clarion-Webster Research Center, Kanawha 
Amino 
acid 
CCCC® CSCS COMM 
0^ 
o
 
00 
0 180 0 180 
Asparagine + Aspartic acid 21.3 19.6 21.5 21.5 19.5 19.9 
Threonine 6.8 7.1 6.6 6.5 6.9 6.7 
Serine 5.8 6.3 5.5 5.5 5.9 6.2 
Glutamine + Glutamic acid 14.5 14.5 15.1 15.3 14.4 14.2 
Proline 4.4 4.7 4.5 4.4 5.0 5.4 
Glycine 8.3 8.2 8.2 8.2 8.5 9.0 
Alanine 7.5 7.4 7.2 7.2 7.5 8.2 
Cysteine 0.1 0.1 — — — — 
Valine 5.7 5.7 5.7 6.2 5.9 5.6 
Methionine 1.1 0.9 — 0.5 — 
Isoleucine 4.6 4.7 4.7 4.7 4.8 4.6 
Leucine 5.9 6.1 6.2 6.2 6.3 6.5 
Tyrosine — — — — — 0.2 
Phenylalanine 2.8 3.1 3.0 3.2 3.1 3.2 
Histidine 1.2 1.4 1.3 1.0 1.4 1.1 
Lysine 5.3 5.4 5.9 5.2 6.1 5.1 
Tryptophan — — — — — — 
Arginine 4.6 4.9 4.7 4.5 4.7 4.3 
Avg 6.7 6.7 7.2 6.7 6.7 6.7 
® CCCC, Continuous com; CSCS, Com-soybean; COMM, Com-oats meadow-meadow. 
Control (0) and 180 kg N ha ' added before com; —, indicates results could not be calculated. 
Table 8. Individual amino acids as percentages of total amino acids found in soils under different cropping 
systems at the Galva-Primghar Research Center, Sutherland 
Amino 
acid 
CCCC^ CSCS COMM 
o*' 200*^ 0 200 0 130 
Asparagine + Aspartic acid 16.9 16.5 16.4 16.4 16.4 16.9 
Threonine 6.9 6.9 7.1 7.0 6.9 7.1 
Serine 6.2 6.3 6.4 6.4 6.4 6.6 
Glutamine + Glutamic acid 18.4 18.6 17.3 17.4 16.9 18.3 
Proline 4.7 4.8 4.6 4.5 4.9 4.6 
Glycine 8.9 8.9 8.9 8.6 8.7 8.5 
Alanine 8.0 7.9 8.3 7.8 7.7 7.6 
Cysteine — — — 0.2 0.4 — 
Valine 5.3 5.6 5.2 5.1 5.4 5.2 
Methionine — 1.3 2.3 2.4 2.0 2.5 
Isoleucine 3.9 4.1 3.9 3.9 4.2 4.1 
Leucine 5.4 5.4 4.9 5.0 5.4 4.8 
Tyrosine — — — — — — 
Phenylalanine 2.1 2.1 2.1 2.2 2.2 2.2 
Histidine 1.7 1.5 1.6 1.7 1.6 1.7 
Lysine 6.9 5.6 6.4 6.5 6.5 5.7 
Tryptophan — — — — — — 
Arginine 4.7 4.3 4.6 4.8 4.5 4.2 
Avg 7.1 6.7 6.7 6.7 6.7 6.7 
^ CCCC, Continuous com; CSCS, Com-soybean; COMM, Com-oats meadow-meadow. 
Control (0) and 200 or 130 kg N ha ' added before com; —, indicates results could not be calculated. 
Table 9. Total amino acids of soils sampled from long-term rotation experiments at the two research centers 
Research Crop 
center rotation 
N 
treatment 
Total amino acid determined^ 
R. R, Mean 
kg ha ' mg kg"' soil 
Clarion- CCCC 0 1059 (206) 1225 (241) 1142 (224) 
Webster 180 1413 (276) 1379 (268) 1396 (272) 
at Kanawha 
(CWRC) CSCS 0 976 (193) 934 (183) 955 (188) 
180 1246 (241) 1412 (279) 1329 (260) 
COMM 0 1489 (289) 1509 (296) 1499 (293) 
180 1418 (276) 1304 (253) 1361 (265) 
LSD P < 0.05 189 (41) 
Galva- CCCC 0 725 (145) 601 (119) 663 (132) 
Primghar 
Sit 
200 646 (126) 566 (113) 606 (120) 
di 
Sutherland CSCS 0 623 (130) 1022 (201) 822 (166) 
(GPRC) 200 802 (157) 832 (165) 817 (161) 
COMM 0 623 (122) 1009 (181) 816 (152) 
130 690 (136) 884 (173) 787 (155) 
LSD P < 0.05 429 (73) 
^ Figures in parentheses are total amino acid N identified. 
CCCC, Continuous com; CSCS, Corn-soybean; COMM, Com-oats meadow-meadow. 
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at the CWRC site were significantly {P < 0.05) affected by the N fertilization, especially 
in the plots under CCCC and CSCS. The type of rotation did not significantly affect the 
total amino acid content of soils firom the same N treatment, but type of crop rotation 
significantly affected the amino acid content of the soils from control plots of the CWRC 
site (Table 9). The total amino acids due to crop rotations only were in the order 
COMM > CCCC > CSCS. The total amino acid contents of the soils at the GPRC site 
were not significantly affected by N fertilization. The type of rotation did not 
significantly affect the total amino acid content of the soils from the GPRC site. The 
total amino acids in soils that resulted from the crop rotation only were in the orden 
CSCS > COMM > CCCC. The results may reflect the nature of the enzymatic and 
microbial activities in these soils in the presence of various plant residues and residual N. 
Several investigators used long-term studies in Ohio (30 yr; Young and Mortenson, 1958), 
Alberta (40 yr; Khan, 1971) and Ottawa (20 yr; Sowden, 1968) reported no effects on 
amino acid contents of soils due to cultivation. But studies by Stevenson (1956a) on the 
contrary showed that longer term (> 50 yr) cultivation of Morrow plots at the University 
of Illinois had significantiy increased the proportion of the basic amino acids in the soil. 
Campbell et al. (1986), observed no change in amino acid content of soils in a 36-
yr study at todian Head (Canada) that had received P fertilizers or manure. The relative 
proportions of acidic, basic, neutral, and S-containing amino acids were different for all 
samples. The amino acid N identified as percentages of organic N extracted for the 
CWRC soils ranged from 33.1 to 50 % CTable 10) and for the GPRC soils it ranged from 
26.5 to 51.4 % (Table 11). The values were generally similar in soils from the same site, 
Table 10. Carbon and nitrogen in soil extracts of long-term rotation experiments at the CWRC at Kanawha 
Research Crop N C:N 
center rotation® treatment Carbon'' Nitrogen'' ratio AAN*^ 
kg ha"' 1 1 1 1 1 1 1 1 1 1 1 B OP OP,
 
soil % 
Clarion- CCCC 0 5.90 (20.4) 0.504 (20.4) 11.7 40.9 
Webster 0 6.38 (20.9) 0.483 (19.2) 13.2 50.0 
at Kanawha 
(CWRC) CCCC 180 6.71 (20.3) 0.635 (23.0) 10.6 43.5 
180 7.34 (21.7) 0.610 (24.4) 12.0 44.0 
CSCS 0 6.92 (21.8) 0.492 (19.1) 14.1 39.2 
0 6.74 (20.1) 0.490 (19,1) 13.8 37.4 
CSCS 200 5.84 (19.2) 0.564 (21.5) 10.4 42.8 
200 6.98 (21.4) 0.584 (21.3) 12.0 47.7 
COMM 0 8.41 (25.8) 0.632 (21.7) 13.3 45.8 
0 7.55 (22.6) 0.656 (24.1) 11.5 45.1 
COMM 180 7.56 (22.7) 0.663 (22.4) 11.4 41.6 
180 8.23 (21.6) 0.765 (24.3) 10.8 33.1 
® CCCC, Continuous com; CSCS, Corn-soybean; COMM, Com-oats meadow-meadow. 
Figures in parentheses are percentage organic C and N extracted. 
^ Amino acid N identified as percentage of organic N extracted. 
Table 11. Carbon and nitrogen in soil extracts of long-term rotation experiments at the GPRC at Sutherland 
Research Crop N C:N 
center rotation^ treatment Carbon^ Nitrogen^ ratio AAN® 
kg ha ' mg kg ' soil % 
Galva- CCCC 0 4.07 (18.1) 0.386 (20.9) 10.5 37.5 
Primghar 0 4.37 (19.3) 0.367 (20.0) 11.9 32.4 
ctv 
Sutherland CCCC 180 4.82 (19.9) 0.403 (20.7) 12.0 31.1 
(GPRC) 180 5.17 (21.0) 0.428 (21.2) 12.1 26.5 
CSCS 0 5.98 (25.4) 0.421 (20.5) 14.2 30.8 
0 5.61 (22.6) 0.392 (20.5) 14.3 51.4 
CSCS 200 2.73 (11.9) 0.422 (19.9) 6.5 37.1 
200 4.46 (18.3) 0.420 (21.2) 10.6 39.4 
COMM 0 4.38 (18.4) 0.436 (21.0) 10.1 27.9 
0 5.01 (19.9) 0.432 (19.2) 11.6 41.9 
COMM 180 4.86 (19.5) 0.493 (22.4) 9.9 27.6 
180 3.99 (14.7) 0.456 (19.5) 8.8 38.0 
® CCCC, Continuous com; CSCS, Corn-soybean; COMM. Com-oats meadow-meadow. 
^ Figures in parentheses are percentage organic C and N extracted. 
^ Amino acid N identified as percentage of organic N extracted. 
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but the values of the soils from the CWRC sites were generally greater than those for 
soils firom the GPRC site. The CVN ratios of the organic matter extracted ranged from 
10.4 to 14.1 and from 6.5 to 14.3 for soils from the CWRC and GPRC sites, respectively 
(Tables 10 and 11). The differences in amino acid content of the soils studied suggest 
different rates of humiHcation, biomass accumulation, and mineralization-immobilization 
rates during microbial growth and organic matter decomposition. These differences are 
indexes of the quality of soil organic N in soils. 
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PART n. ASPARTASE ACnVITY OF SOILS 
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INTRODUCTION 
The enzyme aspaitase (L-aspartate ammonia-lyase, EC (Enzyme Commision) 
4.3.1.1) catalyzes the hydrolysis of L-aspartate to fumarate and NHj. It should play a 
major role in mineralization of organic N in soils. The chemical nature of N in soils is 
such that a large proportion (15-25%) of the organic N is often released as NH/ by acid 
hydrolysis (6 M HCl). The information available suggests that a portion of the released 
NH4'^  is derived from the hydrolysis of amides such as asparagine and glutamine residues 
in soil organic matter (Sowden, 1958). Other work on acid hydrolysis of humic 
preparations showed that 7.3-12.6% of the total N was present in the form of amide-N, 
and that the percentage of the NH/ released during acid hydrolysis was equal to the sum 
of aspartic acid-N plus glutamic acid-N derived firom asparagine and glutamine (Bremner, 
1955; Sowden, 1958). 
Work by Frankenberger and Tabatabai (1991a) showed that L-asparagine in soils 
is hydrolyzed to aspartic acid and NH3, and that the aspartic acid produced is not further 
hydrolyzed to NH3 within the 2 h of incubation used for assay of L-asparaginase. 
NHj Asparaginase NH2 
I I 
NH2-CO-CH2-CH-COOH > HOOC-CH-CH2-COOH + NH3. 
L-Asparagine L-Aspartic acid 
Recent studies in our laboratory showed that soils contain aspartase but the 
reaction catalyzed by this enzyme is very slow; the NH/-N released during the 2 h of 
incubation for assay of L-asparagiiiase described above is too small to be determined. 
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Incubation of soil with L-aspartate for times ranging from 6 to 72 h showed that the 
NH/-N released can be determined quantitatively: 
NHj Aspartase 
I 
HOOC-CH-CH2-COOH > HOOC-CH=CH-COOH + NH3. 
L-Aspartic acid Fumaric acid 
The aspartase enzyme was discovered by Harden (1901), and Quastel and Woolf 
(1926) were the first to establish the stoichiometry of the reaction and to demonstrate that 
the enzyme is a deaminase. Since then, it has been shown that it is widely distributed in 
nature. It has been detected in various bacteria, plants, and certain animal tissues (Cook 
and Woolf, 1928; Kurata, 1962; Virtanen and Tamanen, 1932). 
Numerous studies are available on the molecular properties, reaction mechanisms, 
and physiological roles of aspartase (Ida and Tokushige, 1985; Suzuki et al., 1973; 
William and Lartigue, 1967). Aspartase purified from E. coli W cells and E. aerogens 
has been shown to be tetrameric, composed of four identical subunits, and has a 
molecular weight of 193,000 (Ida and Tokushige, 1985) and 180,000 (William and 
Lartigue, 1967) respectively. The enzyme catalytic action also depends upon free 
sulfhydryl groups located at the active sites, the oxidation of which inactivates the 
enzyme (Depue and Moat, 1961; Mizuta and Tokushige, 1975). 
Information about the distribution, specificity, and kinetic properties of aspartase 
activity in soils deserves special attention because it is involved in N mineralization and 
because one of its products is a source of N for plants. To my knowledge, no report is 
available about the activity of this enzyme in soUs. Therefore, the objectives of this study 
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were: (i) to develop a method for assay of aspartase activity in soils, and (ii) to assess the 
factors that affect the activity of this enzyme. 
The method developed involves determination of the released by aspartase 
activity when soil is incubated with buffered (0.1 M THAM, pH 8.5) potassium aspartate 
and toluene at 37°C for 24 h. The procedure reported gives a quantitative recovery of 
NH/-N added to soils and does not cause chemical hydrolysis of the substrate. 
Application of the method to a wide range of Iowa soils revealed the presence of 
aspartase activity in all samples tested. 
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MATERIALS AND METHODS 
Soils 
The soils (Table 12) used were surface samples (0-lS cm) selected to give a wide 
range of chemical and physical properties. 
Reagents 
Toluene - Fisher certified reagent 
THAM buffer fO.l M. pH 8.5) ~ Prepared as described by Tabatabai (1994). 
L-Aspartate solution (2 M) — Prepared by dissolving 34.24 g of monopotassium 
salt of L-aspartic acid (Sigma Chemical Co., St Louis, MO) in about 80 mL of THAM 
buffer (pH 8.5) and adjusting the volume to 100 mL with the same buffer. 
Potassium chloride (2.5 Af)-silver sulfate (100 mg L'h —Prepared as described by 
Tabatabai (1994). 
Reagents for the determination of NH/-N (magnesium oxide, boric acid-indicator 
solution. 0.005 N H,SO.) - Prepared as described by Keeney and Nelson (1982). 
Assay of Aspartase Activity 
A 5-g soil sample (<2 mm) in a 50-mL volumetric flask was treated with 0.5 mL 
toluene and 9 mL 0.1 M THAM buffer. The flask was swirled for a few seconds to mix 
the contents and treated with 1 mL of 2 M L-aspartate solution. The flask was swirled 
again for a few seconds, stoppered, and placed in an incubator adjusted at ITC for 24 h. 
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Table 12. Selected properties of soils used 
Soil 
Series Subgroup pH^ Org. C Total N Clay Sane 
g kg"' soil 
Weller Aquertic Chromic 6.0 12.2 1.40 235 46 
Fayette Typic Hapludalf 7.4 15.0 1.75 179 43 
Pershing Vertic Epiaqualf 6.0 15.7 1.40 291 45 
Grundy Aquertic ArgiudoU 6.1 26.9 1.90 248 46 
Clarion Typic Hapludoll 6.3 31.2 2.35 264 250 
Webster Typic Endoaquoll 6.9 32.4 3.80 280 302 
Canisteo Typic Endoaquoll 7.4 35.2 3.02 312 190 
Haips Typic CalciaquoU 7.9 44.0 2.43 356 188 
^ Soil:water ratio (1:2.5). 
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After incubation, about 35 mL KQ-Ag2S04 solution was added to the soil suspension to 
inactivate the aspartase and to allow for quantitative determination of the NH/-N 
released. The final volume was adjusted to 50 mL with KQ-Ag2S04 solution and the 
flask was stoppered. To determine the NH4^-N in the resulting suspension, the flask was 
inverted several times and a 20-mL aliquot of the suspension was pipetted into 100-mL 
distillation flask and the NH^^-N produced was determined by steam distillation (Keeney 
and Nelson, 1982). 
In the control, the procedure described for assay of aspartase activity was 
followed, but an autoclaved soil sample was used. Studies with autoclaved soil samples 
showed that inorganic soil constituents contribute, to a small extent, to the hydrolysis of 
aspartate. This was affected by the time and temperature, but not pH, of incubation. For 
this reason, autoclaved soil samples were used as controls in all the experiments reported. 
Kinetic Parameters 
For determination of the ATn, and values, aspartase activity was assayed at 
substrate concentrations ranging from 10 to 500 mM. The and values were 
calculated by plotting the aspartase activity values according to the Lineweaver-Burk 
transformation of the Michaelis-Menten equation (Hofstee, 1952). The activation energy 
and Qio values were calculated from aspartase activity values obtained at 200 mM, with 
the temperature of incubation varying from 20 to 40''C. The activation energy values 
were calculated by using the Arrhenius equation plot 
Unless otherwise indicated, all results reported are averages of duplicate 
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determinations on air-dried soils and are expressed on a moisture-free basis, moisture 
being determined from the loss in weight after drying the soil at 105°C for 24 h. 
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RESULTS AND DISCUSSION 
The method developed for assay of aspartase activity in soils is based on the 
quantitative determination of NHf^-N in soil suspension and on the systematic studies of 
factors affecting the release of NH/-N on incubation of soil with buffered K-aspartate 
solution in the presence of toluene. The factors studied included pH, substrate 
concentrations, amount of soil, time of incubation, preheating temperature, and 
temperature of incubation. 
Buffer pH 
To ascertain the optimal pH of the aspartase activity in soils, the activity was 
assayed at 50 mM of L-aspartate in the presence of THAM buffer at pH values ranging 
from 6 to 10 (Figure 7). THAM buffer was chosen because previous studies showed that 
this buflfer prevents NH4^ fixation by soils and clays, and that the NH/-N recovery is 
quantitative by the method described (Tabatabai and Bremner, 1972). The rate of NH4'^ -N 
released by aspartase activity exhibited optimal activity at pH 8.5. This value is in 
agreement with the findings using Tris-HQ buffer reported for aspartase purified from E. 
aerogenes and E. coli (Suzuki et al., 1973; Williams and Lartigue, 1967). Earlier studies 
reported optimal pH values between 7 and 7.5 by using 0.15 M Michaelis-Veronal-acetate 
buffer, and between pH 6.5-6.8 in 0.1 M phosphate buffer (Williams and Mclntyie, 1955). 
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Figure 7, Effect of pH on release of NH4-N in assay of aspartase activity in soils, 
o, Weller soil; A, Webster soil; •, Haips soil 
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Substrate Concentration 
Aspartase displays absolute specificity towards L-aspartic acid because its active 
site specifically binds this substrate (Falzone et al., 1988; Ida and Tokushige, 1984, 1985; 
Karsten et aL, 1986). The initial rates of L-aspartate hydrolysis in soils were measured at 
various substrate concentrations (Figure 8). Reaction velocities increased as the 
concentration of L-aspartate was increased and showed that the concentration (200 mM) 
adopted was satisfactory for the assay of aspartase activity in soils. At this concentration, 
the reaction essentially followed zero-order kinetics. The rate of the reaction at this 
substrate concentration was, therefore, dependent on the enzyme concentration, evident 
from the levels of activity of the soils reported in Figure 8. 
Studies on the specificity of aspartase showed that aspartase purified from E. coli 
strain B deaminated L-aspartic acid but not D-aspartic acid. D-aspartate is not 
commercially available and therefore we could not study the deamination of this isomer in 
soils. Studies on the hydrolysis of a mixture containing 1:1 D and L-isomers showed that 
at 200 mM, this isomer is hydrolyzed in soils to an average of 75% of that of the L-
isomer (Table 13). 
Amount of Soil 
A linear relationship between the amount of soil and amount of NH/-N released 
(Figure 9) showed that 5 g soil was satisfactory for assaying aspartase activity. However, 
with increased amounts of soil (> 5 g) used, the amount of NH/-N released deviated 
&om linearity, suggesting that either the substrate concentration was becoming a limiting 
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Figure 8. Effect of substrate concentration on releases of NH4-N in assay of aspartase 
activity in soils, o, Weller soil; A, Webster soil; •, Harps soil 
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Table 13, Aspartase activity ui field-moist and air-dried soils by using 
a mixture of D and L-aspartate as a substrate^ 
Soil Field-moist Air-dried 
~ mg NH4^-N released kg"' soil 24 h"' ~ 
Pershing 68 (81) 62 (79) 
Grundy 106 (87) 110 (79) 
Webster 252 (74) 237 (67) 
Canisteo 370 (74) 306 (66) 
Harps 387 (70) 377 (73) 
^ Figures in parentheses are the activity values obtained with 200 mA/ of 
D and L-isomers expressed as percentages of activity obtained with 200 roM 
of the L-isomer as a substrate. 
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Figure 9. Effect of amount of soil on release of NH4-N in assay of aspartase activity 
in soils, o, Pershing soil; A, Webster soil; •, Harps soil 
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factor or that one of the products (NH4^ or fumaric acid) released was inhibiting aspartase 
activity. Product inhibition was tested by assaying aspartase activity in the presence of 5 
mM (NH4)2S04 or fumaric acid. The results showed that neither NH/ nor fumaric acid 
had any effect on aspartase reaction rate. Therefore, the observed deviation from linearity 
of the amount of NH4*-N produced can be attributed to substrate limitation at higher 
amounts of soil. 
Time of Incubation 
The relationship between the amount of product formed and time of incubation are 
usually linear in enzyme-catalyzed reactions as long as the enzyme is stable and retains its 
full activity (Frankenberger and Tabatabai, 1980). Figure 10 shows results obtained in 
studies of the effect of varying the incubation time on the amount of released, 
The observed linear relationships indicate that the method developed is not complicated 
by microbial growth or assimilation of enzymatic products by microorganisms in the 
presence of toluene. Formation of NH/-N in the soils studied showed zero-order 
reactions for at least 24 h. However, with a longer incubation time, the reaction velocity 
became non-linear. The incubation time (24 h) used allowed ample time for accumulation 
of NHj'^ -N. It is not necessay to incubate the soil-substrate-buffer mixture for 24 h 
because, as the results reported in Figure 10 show, a much shorter incubation time can be 
adopted (e.g., 12 h). But, for convenience, we used 24 h of incubation. 
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Figure 10. Effect of time of incubation on release of NH4-N in assay of aspartase 
activity in soils, o, Pershing soil; A, Webster soil; •, Haips soil 
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Temperature of Incubation 
In general, enzyme-catalyzed reactions proceed at faster rates with increasing 
temperature up to the temperature where the enzyme activity begins to decrease due to 
enzyme denaturation. Optimum aspartase activity occurred at 40°C under the conditions 
of assay (Figure 11). Denaturation occurred at temperatures > 40°C for both field-moist 
and air-dried soils, which is about 20°C lower than those of L-asparaginase 
(Frankenberger and Tabatabai, 1991a), amidase (Frankenberger and Tabatabai, 1980), 
arysulfatase (Tabatabai and Bremner, 1970), rhodanase (Tabatabai and Singh, 1976), and 
phosphodiesterase (Browman and Tabatabai, 1978) activities in soil. Aspartase was 
assayed at 3TC because this temperature has been extensively used for assay of other 
enzymes. Tests with other soils showed it was not necessary to use a higher temperature 
to obtain precise results under the conditions of the assay method described. Preheating 
the soil samples for 2 h before assaying for aspartase activity showed that the enzyme is 
inactivated at temperatures > 40°C for field-moist samples and at > 70°C in air-dried 
samples (Figure 12), suggesting that air-drying field-moist soil samples contiibute to the 
stabilization of the enzyme protein. 
Activation Energy (EJ 
The temperature dependence of enzyme-catalyzed reactions is well documented. 
The dependence of the rate constant on the temperature (below the inactivation 
temperature) of an enzyme-catalyzed reaction can be represented by the Arrhenius 
equation; k = A.exp{-EJRT), 
Figure 11. Effect of incubation temperature on release of NH4-N in assay of aspartase activity in soils. 
A, Field-moist soils; B, air-dried soils, o, Weller soil; A, Webster soil; •, Harps soil 
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Figure 12. Effect of preheating temperature on release of NH4-N in assay of aspartase activity in soils. 
A, Field-moist soils; B, air-dried soils, o, Pershing soil; A, Webster soil; •, Harps soil 
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where, k is the rate constant, A is the pre-exponential factor, £, is the activation energy, R 
is the gas constant, and T is the absolute temperature in "K. The logarithmic 
transformation of the Arrhenius equation is expressed as follows; 
log k = (-£,/2.303 RT) + log A. 
The activation energy can be calculated from a plot of log k (or apparent values or 
any parameter that is proportional to the rate constant) against IfT (Segel, 1975). The 
Arrhenius equation plot for aspartase activity in the soils studied was linear between 20 
and 40°C (Figure 13). The activation energies of the enzyme reaction in the soils were 
obtained from the slopes and the values for both the field-moist and air-dried soils 
expressed as kJ mol'S ranged from 40.1 to 50.7 (Table 14). These values are within the 
ranges reported for other soil enzymes (Tabatabai, 1994). 
Michaelis-Menten Constants (^TJ 
The Lineweaver-Burk transformation of the Michaelis-Menten equation applied to 
aspartase activity values obtained as a function of the L-aspartate concentration is shown 
in Figure 14. The straight lines shown are those calculated by regression analysis. The 
values for three soils were: 0.180, 0.208, and 0.173 M for aspartase activity in Weller, 
Webster, and Harps soils respectively; suggesting low affinity of the enzyme for its 
substrate. The values of the corresponding soils were: 108, 605, and 834 mg NH/-N 
kg"^ soil 24 h'^  The relatively high values obtained (low affinity) for aspartase and 
the short (2 h) incubation time used by Frankenberger and Tabatabai (1991a) for assay of 
L-asparaginase was not afifected when the incubation mixture included 5 mM of L-
Figure 13. Arrhenius equation plot of aspartase activity in soils. A, Field-moist soils; B, air-dried soils, 
o, Weller soil; A, Webster soil; •, Harps soil 
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Figure 14. Lineweaver-Burk plots of the Michaelis-Menten equation for aspartase 
activity in soils, o, Weller soil; A, Webster soil; •, Harps soil 
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aspartate. 
The values obtained for soil aspartase are at least one order of magnitude 
greater than that (0.020 M) reported for purified protein firom B. cadaveris (William and 
Mclntyre, 1955), and two orders of magnitude greater than that (0.001 M) reported for E. 
coli W cells (Suzuki et al., 1973) and (0.015 M) for E. aerogenes (Williams and Lartigue, 
1967). The greater values of aspartase in soils than those of enzymes purified from 
microorganisms is not surprising, because it is well known that enzymes in soils are 
adsorbed on the clay-organic matter complex, and that the values of adsorbed enzymes 
are greater than those of enzymes in solutions (Lai and Tabatabai, 1992; Tabatabai, 1994). 
Temperature Coefficients (Q,o) 
Biochemical reactions are temperature dependent The reaction rates generally 
increase with increasing temperatures to the point of thermal inactivation. Enzymes 
exhibit different temperature coefficients (Qio) values, depending on the activation energy 
of the enzyme. The mean calculated Qio values for aspartase activity in three soUs, for 
temperatures between 20 and 40''C, ranged from 1.50 to 2.44 (overall avg = 1.89) (Table 
14). 
Effects of Various Treatments 
Studies were conducted to identify possible inhibitors and activators of the reaction 
catalyzed by aspartase because potential inhibitors may provide useful informaidon on the 
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Table 14. Activation energies (E^) and temperature quotients (Qjo) of the aspartase 
reaction in soils 
Qjq of temperature (°C) indicated^ 
SoU^ Ea 30 40 Mean 
kJ mol'^  
Weller FM 42.8 2.44 2.19 2.32 
AD 50.7 1.76 1.88 1.82 
Webster FM 40.1 2.09 1.59 1.84 
AD 45.1 1.94 1.51 1.73 
Harps FM 40.4 2.01 1.50 1.76 
AD 45.2 2.16 1.55 1.86 
Aspartase activity at given temperature 
'Qio = 
Aspartase activity at given temperature - lO'C 
^ FM, field-moist soil; AD, air-dried soil. 
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Table 15. Effects of various treatments on aspartase activity in soils 
Aspartase activity in soil specified 
Soil treatment Weller Pershing Webster Haips 
- mg NH/-N kg-^ soil 24 h"' 
Buffer, with toluene 80 78 359 515 
Buffer, without toluene 52 70 233 350 
Unbuffered, with toluene 31 43 97 299 
Unbuffered, without toluene 20 19 80 258 
Formaldehyde (1 ml) 16 12 18 28 
Dimethylsulfoxide (1 ml) 18 29 117 138 
HgCl2 (5 mMf 15 36 77 101 
lodoacetic acid (5 mMf 67 65 259 344 
® Reagent was added with THAM buffer (pH 8.5) for assay of aspartase activity 
in the presence of toluene. At 5 mM, the following reagents has no effect: 
KQ, I^S04, KH2PO4, (NH4)2S04, CaCl2, MgS04, NaF, fumaric acid, L-malic, and 
NajEDTA. 
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structural requirements of the enzyme-substrate interaction. The results of the studies are 
summarized in Table 15. 
Treatment of soils with formaldehyde, dimethylsulfoxide, and HgCl2, decreased, 
but toluene increased, the aspartase activity. Several workers have found that use of 
toluene to inhibit microbial activity in assay of soil enzyme activity can increase the 
activity of some enzymes in soils (Skujins, 1967; Tabatabai, 1994). We found that it 
increased the aspartase activity of all soils studied in our work, presumably because 
toluene as a plasmolytic agent releases enzyme proteins from soil microbial cells and/or 
allows the substrate and the product to move across the cell membrane. The inhibition of 
soil aspartase by HgQj and iodoacetic acid support the finding that this enzyme contains 
sulfhydryl groups at the active sites. 
Studies by Ellfolk (1953) on the chemistry of aspartase purified from 
Propionibacterium peterssonii showed that citrate, oxalate, ethylenediamine tetraacetic 
acid (EDTA), and pyrophosphate were strong inhibitors of this enzyme. The inhibition by 
cyanide, azide, and acetonitrile was weak, and no inhibition was observed by 
orthophosphate and sodium sulfide. The observed aspartase inhibition reported above is 
due to the reaction of an essential metal for the catalytic action. The action of the first 
four-mentioned reagents strongly suggest that one of the alkaline-earth metals, possibly 
Mg, is essential. Ellfolk (1953), however, reported negligible inhibition by fluoride, 
which is a known inhibitor of Ca- and Mg-containing enzymes. Several salts selected to 
provide a variety of cations and anions showed that soil aspartase activity was not 
inhibited when the TEIAM buffer used was prepared to contain 5 vnM with resjpect to the 
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following ions and compounds: K^ Na^ Ca®% Mg^% NOj", P04^, F, CI", S04^, NH/, 
fumaric acid, malic acid, and EDTA (Table 15). 
Precision of Method 
The method used allowed for the quantitative determination of NH4'^ -N released-
Aspartase activity in soils ranged from 92 to 526 mg released kg'^  soil 24 h'\ 
The high precision of the method developed is illustrated by Table 16, which gives the 
results of eight replicated analyses. The coefficients of variations (CV) of the method 
described was generally less than 2.5% and comparable to other methods used for assay 
of soil enzymes (Bums, 1978). 
Table 16. Precision of method 
Aspartase activity^ 
Soil Range Mean SD CV 
—- mg NH/-•N kg-^ soil 24 h"' % 
Fayette 92-97 95 1.70 1.78 
Grundy 136-146 139 3.24 2.33 
Webster 330-361 352 6.91 1.96 
Canisteo 458-469 464 4.96 1.07 
Harps 500-526 514 10.04 1.95 
^ Eight replicated assays. SD, standard deviation; CV, coefficient of variation. 
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PART m. FACTORS AFFECTING ASPARTASE ACTIVITY IN 
SOILS 
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INTRODUCTION 
Aspartase (EC 4.3.1.1) is the enzyme that catalyzes the hydrolysis of L-aspartic 
acid to fumaric acid and NH3. This enzyme has been characterized based on its 
molecular weight, subunit structure, amino acid composition, enzymatic properties, 
reaction mechanisms, and substrate stereospecificity. The molecular weight of the 
aspartase produced from E. coli W cells, as determined by sedimentation equilibrium, is 
193,000, and the enzyme is composed of four identical subunits (Mizuta and Tokushige, 
1975; Mizuta and Tokushige, 1976; Suzuki et al., 1973; Yumoto et al., 1982). Its 
tetrameric structure detemiined by amino acid analysis contains 38 half-cysteine residues 
per mol E. coli W aspartase (Mizuta and Tokushige, 1975). 
Studies have shown that one to two sulfhydryl (cysteine and/or histidine) groups 
per unit at its active site are required for its enzymatic reaction (Ida and Tokushige, 1984; 
Mizuta and Tokushige, 1975). The interaction between the sulfhydryl group of the 
enzyme and the a-amino group of the substrate is important in the deamination catalyzed 
by aspartase. Sulfhydryl groups in enzymes may be integral parts of the catalytic active 
sites or as groups needed to maintain the correct structural configuration of the enzyme 
protein. 
Some investigators have shown that several soil chemical and physical properties 
(organic C, N, pH, clay, sand) affect the activity levels of other enzymes. Eivazi and 
Tabatabai (1990) found a- and B-glucosidase and galactosidase activities in soils were 
significantiy correlated with organic C in soil profiles and surface soils, and in most cases 
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they were significantly but negatively correlated with pH. Koloskova and Murtazina 
(1978) found that L-asparaginase activity was significantly correlated with the humus 
content (r = 0.97), total N (r = 0.96), mineral N (r = 0.64), and readily hydrolyzed N (r = 
0.80) in non-chemozemic soils. Frankenberger and Tabatabai (1991b) also observed that 
L-asparaginase activity in some Iowa soils was significantly correlated with organic C (r 
= 0.86) or total N (r = 0.78), but not with percentage clay (r = 0.25) or sand (r = 0.01) or 
pH (r = 0.26) in the 26 surface soils examined. However, Dick et al. (1988) reported that 
soil pH showed significant positive correlations with alkaline phosphatase (r = 0.86), 
arylsulfatase (r = 0.70), urease (r = 0.87), and amidase activities (r = 0.89), but not with 
B-glucosidase acitivity. They also reported a significant correlation between arylsulfatase 
activity and organic C (r = 0.92), and between B-glucosidase activity and total N (r = 
0.94). 
There have been reports on the interrelationships among enzymes. Frankenberger 
and Tabatabai (1991b) reported a significant correlation between L-asparaginase activity 
and amidase (r = 0.82), and urease (r = 0.79) activities in 26 surface soil samples. In a 
study by Deng (1994) values for correlation coefficients (r) for linear regressions among 
the activities of 14 enzymes involved in C, N, P, and S cycling in soils ranged from 0.33 
to 0.96. 
Soils may also become enriched with several trace elements from fertilizers, 
municipal, and industrial wastes (Berrow and Webber, 1972; Charter et al,, 1993; 
Guisquiani et al., 1994). The inhibiting effect of trace elements added to soils on enzyme 
activities have been demonstrated by several investigators (Al-Khafaji and Tabatabai, 
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1979; Deng, 1994; Frankenberger and Tabatabai, 1981b; Frankenberger and Tabatabai, 
1991b; Frankenberger and Tabatabai, 1991d; Fu and Tabatabai, 1989; Juma and 
Tabatabai, 1977; Tabatabai, 1977). The term "trace element" is used here to refer to 
elements, that when present in sufficient concentrations, are toxic to living systems. 
Even though some of the trace elements (e,g., Ag, Hg, Zn, Cd, and Co) have been 
shown to inhibit aspartase activity of protein purified firom E. coli and B. pseudomonas 
(Ichihara et al„ 1955; Virtanen and Ellfolk, 1955), a review of literature revealed no 
information on the relative effectiveness of trace elements on the inhibition of soil 
aspartase nor of its relationships with soil properties and other amidohydrolases. 
Therefore, the method developed for assay of aspartase activity in soils (Part II) was used 
here witii the following objectives in mind: (i) to study the relationships between some 
soil properties and aspartase activity in soils, (ii) to study the relationships between 
aspartase activity and the activities of other enzymes involved in N cycling in soils, and 
(iii) to assess the effect of trace elements on aspartase activity in soils. 
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DESCRIPTION OF METHODS 
Soils 
To study the effects of soil properties on aspartase activity in soils, 27 Iowa 
surface soil samples were selected to obtain a wide range in pH, organic C, total N, and 
texture (percentage of clay and sand) (Table 40, Appendix). Three soils were used (Table 
17) to study the effect of trace elements on aspartase activity in soils. Field-moist 
samples were sieved (2-mm screen) and air-dried by spreading the soils on a thin layer of 
clean polythene and left to dry at laboratory temperature (22°C) for 2 days. The air-dried 
samples were stored in tightly sealed glass containers. 
Table 17. Selected properties of soils used 
Soil 
Series Subgroup pH^ Org. C Total N Clay Sand 
g kg-i 
Weller Aquertic Chromic 6.0 12.2 1.40 235 46 
Webster Typic Endoaquoll 6.9 32.4 3.80 280 302 
Harps Typic CalciaquoU 7.9 44.0 2.43 356 188 
^S oil:water ratio (1:2.5). 
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The chemical and physical properties of the soils were analyzed following the 
methods used by Basta and Tabatabai (1992). The soil enzymes assayed in this 
investigations were aspartase, L-asparaginase (Frankenberger and Tabatabai, 1991a), 
aliphatic amidase (Frankenberger and Tabatabai, 1980), L-glutaminase (Frankenberger and 
Tabatabai, 1991c), and urease (Tabatabai and Brenmer, 1972). 
Trace Elements 
The trace elements used in this study were Fisher certified reagent-grade 
chemicals. Of these, AgCO, Cu(II), Cd(II), Co(II), Fe(II), Zn(II), and V(IV) were added 
as sulfate; Cu(I), Ba(II), Hg(II), Mn(II), Ni(II), Pb(ir), Sn(II), A1(III), Cr(III), and Fe(III) 
were added as chloride; and AsOQDO, B(III), Se(IV), As(V), Mo(VI), W(VI), and Ti(IV) 
were added as NaAsOj, Na2B407, H^SeOa, Na2HAs04, Na2Mo04, Na2W04, and Ti0S04, 
respectively. 
Procedure 
In the study on the effect of trace elements on aspartase activity in soils, a 5-g soil 
sample in a 50-mL volumetric flask was treated with 1 mL of a solution containing 25 
|imol of a trace element The solution was added dropwise to moisten the whole soil 
sample. The sample was left to equilibrate for 30 minutes before assaying for aspartase 
activity. The assay method involved determination of the NH4^ produced by aspartase 
activity when the soil is incubated with 0.5 mL toluene, 8 mL 0.1 M THAM buffer (pH 
8.5), and 1 ml 2 M L-aspartate solution at 37°C for 24 h (Part II). Because the soil 
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sample was treated with 1 mL of trace-element solution, 8 mL of the buffer were used. 
The levels of aspartase activity obtained from the trace-element treated soils were 
compared with those obtained with 5 g soil treated with 1 mL deionized water. The 
percentage inhibition of aspartase acdvity by each trace element was calculated from [(A-
B)/A]100, where A is aspartase activity of untreated soil, and B is the aspartase activity 
of trace element treated soil. All results reported are averages of duplicate determinations 
calculated on an oven-dry basis, moisture being determined from soil loss in weight after 
drying die soil at 105°C for 24 h. 
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RESULTS AND DISCUSSION 
Relationships with Soil Properties and other Nitrogen Cycling Enzymes 
Several soil properties affect the levels of soil enzyme activities. Soil organic C 
content has often been shown to be correlated with enzyme activity (Frankenberger and 
Dick, 1983; Frankenberger and Tabatabai, 1991b; Spier, 1977; Tabatabai and Bremner, 
1970). The results from the present studies support those findings. Figure 15 illustrates a 
direct relationship between aspartase activity and organic C in the 27 surface soils 
studied. This relationship was significant (r = 0.85"*, P < 0.001) and is similar to that of 
other soil enzymes, including amidase (Frankenberger and Tabatabai, 1981a), invertase 
(Ross, 1975), phosphatase (Keilling et al., 1960), urease (Tabatabai, 1977), 
pyrophosphatase (Tabatabai and Dick, 1979), and rhodanase (Singh and Tabatabai, 1978), 
The organic C content is often used as an index of biological activity of soils because it is 
significantly related to levels of soil enzyme activity. Total N was also significantly 
correlated with aspartase activity (r = 0.73*", P < 0.001) in the surface soils tested 
(Figure 16). This relationship was expected because aspartase is associated with organic 
matter, and because organic C and organic N in soils are intercorrelated. Earlier findings 
by Frankenberger and Dick (1983) and Frankenberger and Tabatabai (1991b) showed that 
urease and L-asparaginase activities were significantiy correlated with total N. There was 
no significant correlation between aspartase activity and the percentage sand (r = 0.12) or 
pH (r = 0.29) in the 27 surface soil samples examined (Figures 17 and 18). Other studies 
have shown no significant relationships between amidase activity or urease activity and 
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pH (Bremner and Mulvaney, 1978; Frankenberger and Tabatabai, 1981a). The results 
obtained in this study, however, showed a significant relationship between aspartase 
activity and percentage of clay content (Figure 19, r = 0.44*, P < 0.05). Aspartase like 
most soil enzymes may be associated with organic complexes (McLaren et al., 1975), 
aqueous phases, microbial, plants, and animal remains and exist in viable forms in soils 
(Skujins, 1967) to continue and exhibit enzymatic activities independent from that of 
microbial populations (Ramirez-Martinez and McLaren, 1966). Such significant 
relationship between aspartase activity and clay content is not surprising because the 
persistence and stability of soil enzymes are due to their binding to soil-organic matter 
complexes. 
There were also signiticant relationships between aspartase activity and amidase 
activity (r = 0.44*, P < 0.05), urease activity (r = 0.80***, P < 0.001), L-asparaginase 
activity (r = 0.94***, P < 0.001), and L-glutaminase activity (r = 0.88***, P < 0.001) in the 
27 surface soils studied (Figures 20-23; Table 41, Appendix). Such significant 
relationships are expected considering that similar relationships have been reported for 
other soil enzymes (Deng, 1994; Frankenberger and Tabatabai, 1981a, 1991b,d; Speir, 
1977). 
Effect of Trace Elements 
Soil enzymes are known to be inhibited by several metal ions introduced to soils. 
Metal ions may form complexes with enzyme substrates, react with protein-active groups 
associated with enzymes to form metal-sulfides, or react with enzyme-substrate complexes 
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Table 18. Effect of trace elements on aspartase activity in soils 
Trace element 
(S limol g'' soil) Inhibition of aspartase activity (%) 
Oxidation 
Element state 
WeUet^ Webster Haips 
AD FM AD FM AD FM 
Ag I 98 97 91 95 87 87 
Cu 56 27 34 31 31 26 
Ba II 31 24 29 14 33 15 
Cd 63 52 54 46 49 44 
Co 32 23 24 15 31 18 
Cu 41 23 34 30 28 30 
Fe 41 24 26 16 35 22 
Hg 97 97 95 97 87 85 
Mn 33 32 21 18 32 15 
Ni 33 30 30 16 33 12 
Pb 39 26 26 22 29 16 
Sn 53 36 32 23 31 14 
Zn 42 32 31 22 27 25 
A1 in 41 35 27 24 27 16 
As 32 41 28 28 28 25 
B 27 34 43 27 28 20 
Cr 39 38 27 21 31 20 
Fe 53 38 32 21 28 13 
Se IV 49 56 55 54 50 47 
Ti 48 36 31 31 25 25 
V 41 42 27 21 26 20 
As V 32 36 45 25 25 18 
W VI 33 36 41 23 28 22 
Mo 28 29 45 21 27 22 
LSD*^ (P < 0.05) 4.8 5.8 3.2 5.6 4.8 6.4 
® AD, air-dried soil; FM, jSeld-moist soil. 
^ LSD, least significant difference. 
112 
(Eivazi and Tabatabai, 1990; Frankenberger and Tabatabai, 1991b). Table 18 shows the 
relative effectiveness of 24 trace elements in inhibiting aspartase activity in three air-dried 
and theix corresponding field-moist soils. Their degree of inhibition varied among soils 
and soil treatments (field-moist or air-drying). Greater inhibition was generally found 
with the air-dried soils than with the field-moist counterparts, suggesting that air-diying 
may have resulted in greater exposure of the enzyme, whereas moisture may have 
temporally protected the enzyme from heavy metal effects. 
Trace elements added to soils may form complexes with soil organic matter and 
reduce its total availability for enzyme reaction. The percentage inhibition of aspartase 
ranged from 13% for Fe(EO to 98% for Ag(I). Silver (I) and Hg (II) were the most 
effective inhibitors of aspartase activity supporting early studies reported by Virtanen and 
Ellfolk (1955) showing that the activity of aspartase purified from Pseudomonas was 
strongly inhibited by Ag, Hg, Zn, Cd, and Co. 
Tests with 5 |imol of NaCl and K2SO4 g"^ soil indicated that K^, Na% CI", and 
associated with trace elements studied did not affect aspartase activity in soils. 
Also, NOj" was not inhibitory at this concentration. The high inhibition of aspartase 
activity by Ag and Hg suggests that sulfhydryl functional groups are intergral parts of the 
enzyme active site. Information on the chemical nature of the active sites of soil 
aspartase is not available, but studies of the aspartase purified from E. coli indicate that 
cysteine and histidine residues are stractural components of the enzyme (Ida and 
Toushige, 1984; Mizuta and Tokushige, 1975). In the studies on the effect of trace 
elements on soil aspartase activity reported here, and those reported on other 
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amidohydrolases such as L-asparaginase (Frankenberger and Tabatabai, 1991b), amidase 
(Frankenberger and Tabatabai, 1981b), and L-glutaminase, (Frankenberger and Tabatabai, 
1991d), showed that Ag (I) and Hg (U) were the most effective inhibitors of these 
enzymes, suggesting that these enzymes contain thiol groups in their active sites. 
The pH of the trace elements varied considerably, they ranged from 2.1 for the 
FeCl3.6E^O solution to 10.2 for the NaAsOj solution, but the use of a buffer ensured a 
stable pH of the incubation mbcture. The deviation in pH values resulting from the 
addition of THAM buffer did not exceed ± 0.3 of a pH unit Therefore, the observed 
inhibition of aspartase activity in soils in the presence of the trace elements studied was 
not due to changes in pH of the incubation mixture, but was due to the reaction between 
the trace element and aspartase functional group. 
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PART IV. CROPPING SYSTEMS, TILLAGE, AND RESIDUE 
MANAGEMENT EFFECTS ON ASPARTASE 
ACTIVITY IN SOILS 
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INTRODUCTION 
Various soil management systems such as crop rotations, N fertilizations, tillage, 
and residue management practices have been shown to influence soil chemical, physical, 
and biochemical processes. Several studies have shown a general decline in biological 
activity from long-term additions of inorganic N fertilizers relative to soils receiving 
repeated additions of organic materials (Bolton et al., 1985; Collins et al., 1992; Dick et 
al., 1988; McGill et al., 1986). Bolton et al. (1985) found that a fertilizer management 
regime with only leguminous green-manure amendments showed significantly higher 
urease, phosphatase, and dehydrogenase activities than the conventional counterpart that 
had received inorganic fertilizer in wheat production. Verstraete and Voets (1977) 
reported that combined application of animal and green manure increased phosphatase, 
urease, saccharase, and 6-glucosidase activities over a 7-yr period. In a comparative 
study involving two cropping systems, Khan (1970) showed that a 5-yr rotation of grains 
and legumes increased by two-fold the activities of acid phosphatase and invertase in soUs 
under a wheat-fallow rotation. 
Understanding the relationships between such agricultural practices and enzyme 
activities is important, because enzyme activities are presently considered as potential 
indexes of soil fertility, production, soil tilth and quality. Information obtained from such 
studies could differentiate among soil management practices and ecological stress or 
restoration, because soil organic matter, proposed as an index of soil quality, changes very 
slowly and many years are required to measure changes from pertubation (Dick, 1992; 
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1994; Dick and Tabatabai, 1992). Also, the distribution of organic matter and nutrients in 
a soil profile may change under soil management practices. Organic C, N, and P 
concentrations and inorganic nutrients have been found to be greafly increased in the 
surface soil layer under no-till compared to conventional tillage (Blevins et al., 1977; Juo 
and Lai, 1979; Dick, 1983; Doran, 1980a,b). This accumulation of organic and inorganic 
nutrients creates an environment where microbial growth and activity may be gready 
stimulated (Dick, 1984). 
In 1951, 1954, and 1978 three rotations and fertilizer management studies were 
initiated at the Clarion-Webster Research Center (CWRC) in Kanawha, at the Galva-
Primghar Research Center (GPRQ in Sutherland, and at the Northeast Research Center 
(NERQ in Nashua, Iowa, respectively. Also in 1981, a tillage study was conducted at 
the Lancaster Experiment Station of the University of Wisconsin in an area that had been 
in continuous com since 1971. These studies had the unique combination of treatments 
including tillage and residue management, com, soybean, oats, meadow-meadow residues, 
and various rates of inorganic N fertilizers. 
The main objectives of most long-term organic and inorganic soil amendments are 
to improve soil organic matter, biochemical activities, and in the course of time sustain 
soil and crop productivity (Fauci and Dick, 1994). Crop rotations, organic and inorganic 
soil amendments are known to regulate soil microbial biomass and enzjmiatic actions 
responsible for residue decomposition, organic matter turnover, and nutrient cycling 
(Biederbeck et al., 1984; Doran and Smith, 1987; McGill et al., 1986). Recent studies by 
Deng (1994) showed that the activities of 14 soil enzymes involved in C, N, P, and S 
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cycling in soils were affected by tillage and residue management practices. However, the 
review of literature revealed no information on the relative distributions of aspartase 
activity in soils and on the influence of various cropping systems, tillage, and residue 
management on its activity in soils. Therefore, the objectives of the work reported in 
this part were: (1) to evaluate the influence of crop rotations, N treatments, tillage, and 
residue management practices on aspartase activity in soils, and (2) to study the 
distribution of aspartase activity with depth in the plow layer. 
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DESCRIPTION OF METHODS 
Soils 
Soils under different cropping systems 
The soils used (Tables 19 and 20) in this work were surface samples (0-15 cm) 
collected from three long-term cropping systems at the Clarion-Webster Research Center 
(CWRQ in Kanawha, Galva-Primghar Research Center (GPRQ in Sutherland, and at the 
Northeast Research Center (NERC) in Nashua, Iowa, that were initiated in 1954, 1957, 
and 1978, respectively. The soil samples were taken from two plots (6 m x 12 m) of 
each cropping system: continuous com (CCCQ, com-soybean-com-soybean (CSCS), or 
com-oats-meadow-meadow (COMM), meadow being a mixture of alfalfa (Medicago 
sativa L.) and red clover (Jrifolium pratense L.), and from two ammoniacal or urea N-
fertilizer treatments (0 and 130, 180, or 200 kg N ha"' yr'^) before com. All soil samples 
from each site consisted of the same soil phase: Webster sUty clay loam (Fine-loamy, 
mixed, mesic Typic EndoaquoU) at the CWRC site, Galva silty clay loam (Fine-silty, 
mixed, mesic Typic Hapludoll) at the GPRC site, and Readlyn loam at the NERC site. 
Soils under different tillage and residue management 
The soil samples used in this part of the study were collected from a tillage 
experiment that was initiated in 1981 at the Lancaster Experiment Station of the 
University of Wisconsin. The soil was a Palsgrove silt loam (fine-silty, mixed, mesic 
Typic Hapludalf). The tillage systems studied were no-tillage, chisel plow, and 
Table 19. Locations, soil phases, and fertilizer treatments of the rotation experiments sampled 
Research center Soil phase Year^ Rotation® N fertilizer*^ 
Clarion-Webster 
at Kanawha 
(CWRC) 
Galva-Primghar 
at Sutherland 
(GPRC) 
Northeast 
at Nashua 
(NERC) 
Webster silty clay loam 
Galva silty clay loam 
Readlyn loam 
1954 
1957 
1978 
Continuous com 0 or 180 
Com-soybean-com-soybean 0 or 180 
Com-oat-meadow-meadow 0 or 180 
Continuous com 0 or 200' 
Com-soybean-com-soybean 0 or 200 
Com-oat-meadow-meadow 0 or 130 
Continuous com 0 or 180 
Com-soybean 0 or 180 
Com-com-oat-meadow 0 or 180 
® Year experiment started. 
^ Samples taken after com. 
^ Applied to com plots only. All plots received annual application of 29 kg/ha of P (60 lb/Ac of PjOj) and 
56 kg/ha of K (60 lb/Ac of K^O). 
130 kg/ha prior to 1983. 
Table 20. pH and Organic C of the soils sampled from long-term rotation experiments^ 
Research'' 
center 
Gop'^ 
rotation 
N 
treatment 
pH Organic C 
I u ni I n m 
kg ha ' — g kg ' soil -
Clarion- CCCC 0 6.13 6.44 —^ (6.29) 28.9 30.5 — (29.7) 
Webster 180 5.22 5.28 — (5.25) 33.8 33.0 — (33.4) 
at Kanawha 
(CWRC) cscs 0 6.88 6.78 — (6.83) 33.5 31.7 — (32.6) 
180 5.99 5.56 — (5.78) 30.4 32.6 — (31.5) 
COMM 0 5.87 5.85 — (5.86) 33.4 32.6 — (33.0) 
180 5.18 5.08 ~ (5.13) 33.3 38.2 — (35.8) 
Galva- CCCC 0 5.65 5.88 — (5.77) 22.5 22.6 — (22.6) 
Primghar 200 4.60 4.90 — (4.75) 24.2 24.6 — (24.4) 
al 
Sutherland CSCS 0 5.45 5.69 — (5.57) 24.8 23.5 — (24.2) 
(GPRC) 200 5.20 5.38 — (5.29) 24.4 22.9 — (23.7) 
COMM 0 5.52 5.90 — (5.71) 25.2 23.8 — (24.5) 
130 5.41 5.48 — (5.45) 27.1 24.9 — (26.0) 
Northeast CCCC 0 5.66 5.83 5.63 (5.71) 19.1 18.3 20.4 (19.3) 
at Nashua 180 5.58 5.61 5.60 (5.60) 19.7 18.6 19.9 (19.4) 
(NERC) 
CSCS 0 5.94 6.06 5.84 (5.95) 19.0 19.6 20.6 (19.7) 
180 5.63 6.00 5.70 (5.78) 19.9 18.2 19.2 (19.1) 
COMM 0 5.80 6.64 5.77 (6.07) 20.1 19.8 18.6 (19.5) 
180 5.72 5.43 5.70 (5.62) 17.6 19.0 18.0 (18.2) 
^ Figures in parentheses are averages of samples from three replicate field plots. 
Kanawha, Webster silt clay loam; Sutherland, Galva silty clay loam; Nashua, Readlyn loam. 
^ CCCC, Continuous com; CSCS, Corn-soybean; COMM. Com-oats meadow-meadow. plots not sampled. 
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moldboard plow. The crop residue treatments were: Bare (crop residue removed before 
planting or no prior tillage), Normal (no removal or addition of crop residue), Mulch 
(crop residue added after primary tillage), and Double (2x) Mulch (crop residue addition 
to achieve 2x normal level of crop residue). The residue in the study was com stalks. 
The area had been in continuous com since 1971 (at least 10 yr before the study) and was 
maintained in continuous com during the study. The design and location of this 
experiment was described in detail by Swan et al. (1987a,b). The samples were taken 
from four replicated plots in May, 1991 (10 yr after the crop residue treatments were 
initiated). Soil samples were also taken with depth in the plow layer of the no-till^x 
mulch plots (0-5, 5-10, and 10-15 cm). 
A subsample of each sample was air-dried and ground to pass a 2-mm sieve. The 
pH values of these soil samples were measured on the < 2-mm soil by using a glass-
combination electrode in water (soil:water ratio, 1:2.5). The organic C of the soil samples 
were determined by the Mebius (1960) method on < 80-mesh (177 |xm) samples. 
The aspartase assay method described in Part II was used to assay the activity of 
this enzyme of the soils under crop rotations, and under different tillage and residue 
managements. 
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RESULTS AND DISCUSSION 
Effect of Cropping Systems 
The pH and organic C values of soils from the various cropping systems 
investigated are shown in Table 20. The results show a general decrease in pH in the 
plots treated with ammoniacal fertilizers. The decrease in pH may have resulted from 
ammonium nitrification and the subsequent production of an increased level of acidity. 
On the average, there was no significant difference in organic C between the fertilized 
and non-fertilized soil counterparts. Soil pH can affect the rate of enzyme-mediated 
reactions by influencing the ionization and solubility of enzymes, and the substrates and 
cofactors. In addition, some enzymes may predonninate at certain soil pH levels (e.g., 
acid and alkaline phosphatases). Treating soils with high N levels may aUow increased 
organic C turnover compared with treating with low N levels, because microbial activity 
is decreased due to limited N availability (Dick et al., 1988). 
The effect of crop rotations and N application on aspartase activity in soils from 
the CWRC, GPRC, and NERC sites is shown in Table 21. Results of soils from these 
research sites showed that crop rotations, generally, affected aspartase activity. The order 
of aspartase activity was: COMM > CSCS > CCCC. Nitrogen fertilizations, generally, 
decreased the level of aspartase activity in soils. The decreasing order was CCCC > 
CSCS > COMM. The results support the findings by Dick et al. (1988) showing that 
continuous application of ammonium or ammonium-forming ferilizers decreased the 
activities of other amidohydrolases; amidase and urease. 
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Table 21. Effect of crop rotations and N treatments on aspartase activity of soils 
Research'' Crop N 
center rotation^ treatment 
Aspartase activity 
Ri' Mean 
CWRC CCCC 
CSCS 
COMM 
LSD P < 0.05 
kg ha"' 
0 
180 
0 
180 
0 
180 
— mg NH/-N released kg"' soil 24 h"' — 
14S 
51 
153 
191 
198 
282 
138 
53 
181 
153 
195 
293 
143 
52 
167 
172 
197 
288 
35 
GPRC CCCC 
CSCS 
0 
200 
0 
200 
94 
22 
114 
89 
110 
28 
114 
93 
102 
25 
114 
91 
COMM 
LSD P < 0.05 
0 
130 
154 
134 
140 
138 
147 
136 
16 
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Table 21. (Continued) 
Aspartase activity 
Research^ Crop N 
center rotation® treatment Ri^ R2 R3 Mean 
kg ha ' — mg NH/-N released kg"' soil 24 h"' — 
NERC CCCC 0 80 71 70 74 
180 81 61 64 69 
CSCS 0 86 75 72 78 
180 63 77 63 68 
COMM 0 100 99 92 97 
180 98 89 90 92 
LSD P < 0.05 13 
^ RepUcate; subscript indicates replicate plot number. 
^ CWRC, Qarion-Webster Research Center at Kanawha; GPRC, Galva-Primghar Research 
Center at Sutherland; NERC, Northeast Research Center at Nashua. 
CCCC, Continuous com; CSCS, Corn-soybean; COMM, Com-oats meadow-meadow. 
^ Indicates that samples were not taken. 
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In this study, COMM and CSCS rotations may have resulted in a relatively higher 
microbial community and enzymatic actions than CCCC monoculture. From the results 
obtained, it is also evident that crop rotations in combination with N fertilizer treatments 
affect aspartase activity of soils, and that the effect is also dependent on the type of crop 
rotation practices and soil. 
Effect of Tillage and Residue Management 
The pH and organic C values of soils under different tillage and residue 
management practices are shown in Tables 22 and 23, respectively. The pH values 
showed an apparent variation among replicated plots due to the tillage and residue 
management treatments. The pH values of the soil samples from replicate IV were 
signiticantly lower than those of the other three replicated field plots. The organic C 
content was markedly affected by the various tillage and residue management practices 
(Table 23). The highest organic C was obtained with the no-till/2x mulch (NT2M), and 
the lowest was with the no-till/bare (NTB) and moldboard/normal (MPN) treatments. 
The pH values of soils sampled with depth of the plow layer of replicates I and n 
of no-till/2x mulch treated plots were similar (Table 22 and Figure 24). The pH of the 
corresponding soil samples of replicate ni were slightly lower than those of replicates I 
and n. The soil of replicate IV had the lowest pH values of the four replicate plots. The 
soil pH values showed similar trends within the plow layer of four replicated plots. 
The organic C contents of surface (0 to 5 cm) soil samples of the plow layer were 
significantly greater than those of subsurface soil samples (5-10 and 10-15 cm) and 
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Table 22, Effect of tillage and residue management on soil pH® 
Treatments Rep I Rep n Rep m Rep IV LSD P < 0.05 
No Till/Bare 7.2 7.1 6.5 5.1 0.03 
No Till/Normal 6.9 7.2 6.6 5.0 0.07 
No Til]/2x Mulch 6.8 7.0 6.4 5.1 0.10 
Chisel/Normal 7.1 7.1 7.0 4.9 0.02 
Chisel/Mulch 7.1 7.1 7.1 5.2 0.02 
Moldboard Plow/ 6.9 6.9 7.0 4.9 0.02 
Normal 
Moldboard Plow/ 6.7 7.0 7.0 6.0 0.06 
Mulch 
LSD P < 0.05 0.04 0.06 0.03 0.03 
Depth of No Til]/2x Mulch 
0 - 5 cm 6.9 6.8 6.4 5.3 0.04 
5 -10 cm 6.9 6.9 6.4 5.1 0.06 
10 - 15 cm 7.1 7.1 6.5 5.4 0.04 
LSD P < 0.05 0.07 0.04 0.11 0.10 
® soil:water = 1:2.5 
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Table 23. Effect of tillage and residue management on soil organic C 
Treatments Rep I Rep II Rep in Rep IV LSD P < 0.05 
g kg' soil 
No Till/Bare 12.9 10.3 11.2 10.7 0.6 
No Till/Normal 15.7 14.2 13.6 11.6 0.5 
No Till/2x Mulch 19.1 20.7 17.2 14.5 0.3 
Chisel/Normal 16.0 13.7 14.2 11.3 0.3 
Chisel/Mulch 14.5 14.1 14.8 11.1 0.7 
Moldboard Plow/ 12.1 10.9 10.7 10.2 0.4 
Normal 
Moldboard Plow/ 14.9 11.7 1.44 14.9 0.7 
Mulch 
LSD P < 0.05 0.3 0.3 0.4 0.3 
Depth of No Till/2x Mulch 
0 - 5 cm 26.8 30.1 29.8 27.4 0.7 
5 - 10 cm 19.1 12.9 10.3 10.6 0.2 
10 -15 cm 14.3 10.0 9.5 10.7 0.2 
LSD P < 0.05 0.9 0.9 0.8 0.5 
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Figure 24. Distribution of soil pH values with depth in the plow layer (0-15 cm) of 
no-till/2x mulch 
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decreased significandy with increasing soil depth (Table 23 and Figure 25), The lowest 
values were obtained with the 5-10 and 10-15 cm depths of replicates HI and IV, and 
with the 10-15 cm depths of replicate n. Slightly lower organic C was found in soil 
samples from 0 to 5 cm in replicate I compared with those obtained from the other 
replicated plots (Table 23). Higher organic C contents were obtained in soil samples 
from 5 to 10 and 10 to 15 cm depths of replicate I compared with those of the other three 
replicates. The variations among the different replicated plots can be explained from the 
apparent locations of each specifrc plot Replicate I is located near the gravel road high 
in CaCOj materials. Replicate IV is further from the road and replicates n and in are 
located between replicates I and IV plots. It is assumed that replicates I and n, as well as 
in, were affected by dust particles from the gravel road. Replicate IV may not have been 
affected by the CaCOj dust because it is the furthest from the road. It was concluded that 
dust particles may have significantly contributed to the variation in pH values of the soil 
samples from the different plots. 
The effect of tillage and residue management practices on aspartase activity in 
soils showed a very wide variation (Figure 26). The trend showed a general increase in 
aspartase activity as follows: no-till/2x mulch (NT2M) > chisel plow/mulch (CPM) > 
moldboard plow/mulch (MPM) > no-till normal (NTN) > chisel plow normal (CPN) > no-
till bare (NTB) > moldboard plow normal (MPN). Increase in mulching increased 
aspartase activity compared to the other treatments, suggesting that this enzyme is either 
microbial in origin or are derived from the added residues in decomposition. Martens et 
al. (1992) reported that the increase in enzyme activities in soils amended with organic 
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Figure 25. Distribution of soil organic C with depth in the plow layer (0-15 cm) of 
no-till 2x mulch 
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Figure 26. Effect of tillage and residue management on aspartase activity in soils 
(averages of three replicated field plots). Different letters indicate 
significantly different means atP < O.OOS according to LSD test 
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residues could be due to the stimulation of microbial activities rather than direct addition 
of enzymes from organic sources. Microbial populations (fungi and actinomycetes) are 
generally considered direct results of crop residue practices. According to Doran (1980a), 
there is a two- to six-fold increase in bacteria, actinomycetes, and fungi populations from 
mulching. The increase in microbial populations could also be related to an increase in 
water and nutrients retention caused by mulching practices. 
Significantly lower levels of aspartase activity were found in the soils under no-till 
bare and moldboard plow normal compared with those in soils under other tillage and 
residue treatments studied. No-till practices eliminate all tillage except planting and 
weeds are controlled chemically. Farmers prefer the no-till practices, because of its low 
cost and because it reduces soil erosion and water evaporation. It further increases water 
infiltration and soil organic matter levels (Doran, 1980a,b; Tracy et al., 1990). Aspartase 
activity of soils imder normal placement of plant residue and those under the no-till and 
chisel plow were comparable, whereas those of soils treated with mold-board plow were 
lower than the other treatments studied, but were not significantly different (P < 0.05). 
These studies also showed that aspartase activity decreased with increasing depth 
in the plow layer (0-15 cm) of the no-till/2x mulch (NT2M) (Figure 27). The decreased 
activity was accompanied by decreasing organic C. This trend has been shown for the 
activities of several other enzymes (Khan, 1970; Kuprevich and Shchrebakova, 1971; 
Skujins, 1967; Tabatabai, 1977). Linear regression analyses showed that aspartase activity 
was significantiy correlated with pH and organic C values of the 28 surface soils of the 
four replicated plots, with r values of 0.58"* and 0.78*", respectively. The patterns of 
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Figure 27. Distribution of aspartase activity with depth in the plow layer (0-15 cm) 
of the no-till/2x mulch. 
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distribution of aspartase activity among the soils of the four replicated plots is probably 
due to the different pH and organic C distribution with depth in the plow layer. The 
significantiy lower pH of soils of replicate IV led to significantiy lower aspartase activity 
relative to the soils of the other three replicates (Figures 24 and 27). For a clear 
presentation of the effect of tillage and residue management on aspartase activity, the data 
obtained from replicate IV, were omitted in the statistical analysis and plots of the bar 
graphs reported in Figure 26 (for the aspartase activity of the soil samples from the 
replicated field plots, see Table 42, Appendix). 
136 
PART V. FIXED AMMONIUM IN SOILS UNDER 
DIFFERENT MANAGEMENT SYSTEMS 
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INTRODUCTION 
It has been known for several decades that soils contain significant amounts of 
native fixed NH^* (Rodrigues, 1954) or fixed (recently fixed) NH/ from added, 
ammoniacal or ammonium-forming fertilizers (McBerth, 1917). The term "fixed" is used 
here to refer to NH/ in the nonexchangeable pool, not recoverable by KCl extraction 
(SSSA, 1987), but released by 5 Af HF-1 M HQ solution after pretreatment with alkaline 
potassium hypobromite (KOH-KOBr) solution (Bremner, 1965b). 
Significant quantities of fixed NH/, > 5% of the total N in surface soils and > 
70% in subsoils, may occur in soils (Hanway and Scott, 1956; Rodrigues, 1954; Smith et 
al., 1994; Stevenson et al., 1958; Young and Aldag, 1982). Accumulation of fixed NH/ 
in soils has health and environmental implications, because it could be released and 
converted to NO3". But, from an economic point of view, it may improve the efficiency 
of added N fertilizers and reduce N loss from leaching, volatilization, and denitrification 
in soils. Large amounts of NR^^-N fertilizer applied to soils for long periods of time 
increase the amount of nonexchangeable NH/, which maintains a thermodynamic 
equilibrium with different NH/ forms in the soil system (Baethgen and Alley, 1987; 
Nommik and Vahtras, 1982). 
Most agricultural soils in Iowa have received increased levels of inorganic N 
fertilizers within the past decades and will, therefore, contain substantial quantities of 
fixed NH/ (Hanway and Scott, 1956; Mcintosh, 1962). Fixed NH/ from inorganic N 
fertilizer applications may play a part in soil N turnover and in plant nutrition (Baethgen 
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and Alley, 1987; Black and Waring, 1972; Feigenbaum et al., 1994; Kowalenko and 
Cameron, 1978; Kowalenko and Ross, 1980; Kudeyarov, 1981; Mamo et al., 1993; 
Mengel and Scherer, 1981; Smith et al., 1994). 
Native fixed NH4^ has little significance in plant nutrition or microbial oxidation to 
NOj" (Allison et al., 1951, 1953; Axley and Legg, 1960; Bower, 1950; Legg and Allison, 
1959; Martin et al., 1970; Walsh and Murdock, 1963), whereas the recently fixed 
from fertilizer application, can be made available to plants and microbes (Keerthisinghe et 
al., 1984; Mengel and Scherer, 1981). Although significant progress has been made in 
understanding the behavior of fixed NH4* in soils, little information is available on the 
effect of soil management practices on the levels of fixed NH/ in soils. 
The adoption of long-term cropping systems and liming practices may affect 
several soil properties. Also, the increasing use of ammonium or ammonium-producing 
forms of fertilizers on Iowa soils, and the increasing concerns about possible agricultural 
N contamination of water resources, necessitates quantitative evaluation of fixed NH4'^  as 
affected by soil management practices. Therefore, the objectives of this study were; (i) to 
assess the amount of fixed NH/ in a wide range of Iowa surface soils, (ii) to study the 
relationships between fixed and organic C and total N in soils, and (iii) to evaluate 
the effects of long-term cropping systems and lime application on fixed in soils. 
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DESCRIPTION OF METHODS 
Soils 
One hundred and seventy one surface soil samples (0-lS cm) from various regions 
in Iowa were collected to represent the major cultivated soils (Table 43, Appendix), 
In the study to evaluate the effect of cropping systems on fixed NH/ in soils, 
surface soil samples (0-15 cm) were collected from three long-term cropping systems. 
The cropping systems, soil treatments, and sampling sites are described in Part IV (Table 
19 and 20. 
In the study to evaluate, the effect of liming on fixed NH/, surface soil (0-15 cm) 
samples (Table 24) were collected from each of four replicated field plots that were 
treated with lime at the following rates: 0, 1120, 2240, 4480, 6720, 8960, 13440, and 
17920 kg ECCE ha"' at the Northeast Research Center (NERQ in Nashua, Iowa. 
Laboratory Analyses 
All soil samples were air-dried for 48 h at room temperature and ground to pass a 
80-mesh nylon sieve (180 |im) prior to analysis. The following chemical analyses were 
performed on the soil samples: Organic C was by the Mebius (1960) method, total N was 
by the semimicro-Kjeldahl method described by Nelson and Sommers (1972), inorganic N 
NH4^-N and NOj'-N was by extraction with 2 M KQ and detemiined by steam distillation 
as described by Keeney and Nelson (1982). 
Fixed NH4'^ -N in soils was determined by the method described by Silva and 
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Table 24. Chemical properties of limed soils used 
Chemical property^ 
Lime applied pH Organic C Organic N 
kg ECCE ha"' g kg 1 soil -
0 4.6-5.5 (4.9) 14.2-15.6 (15.0) 1.2-1.4 (1.3) 
1120 4.7-5.8 (5.1) 14.7-15.3 (15.0) 1.3-1.3 (1.3) 
2240 5.1-6.2 (5.7) 14.8-17.2 (15.2) 1.2-1.4 (1.3) 
4480 5.3-6.5 (6.1) 15.1-15.6 (15.3) 1.3-1.3 (1.3) 
6720 6.1-6.7 (6.4) 14.7-15.8 (15.2) 1.2-1.4 (1.3) 
8960 6.4-6.8 (6.6) 15.3-16.5 (15.8) 1.3-1.5 (1.4) 
13440 6.2-6.9 (6.6) 14.9-16.0 (15.3) 1.3-1.4 (1.3) 
17920 6.7-7.0 (6.9) 14.5-16.3 (15.1) 1.2-1.4 (1.3) 
^ Figures in parentheses are averages of samples from four replicate field plots. 
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Bremner (1966). A 1-g sample of ground (<100 mesh) soil was treated with alkaline 
KOBr solution to oxidize and remove organic matter. The residue was washed with 0.5 
M KQ and shaken continuously for 24 h with 5 Af HF + 1 Af HQ solution to destroy the 
clay minerals and release the fixed NH/. The fibced NH4^ thus released was determined 
by steam distillation using 10 M KOH (Keeney and Nelson, 1982). 
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RESULTS AND DISCUSSION 
Precision of Method 
Several methods have been proposed for determining fixed NH/ in soils (Bremner 
et al., 1967; Dhariwal and Stevenson, 1958; Osborne, 1976), but the method of Silva and 
Bremner (1966) (Method A) is considered the most reliable for the determination of 
native fixed NH/ in soils. To test the precision of the method, fixed NH/ values vsrere 
detemiined on six randomly selected soils, each replicated eight times (Table 25). 
Table 25. Precision of the Silva-Bremner (1966) method 
Fixed NH/-N^ 
Soil 
sample Range Mean sd" C\^ 
— mg N kg'^  soil % 
1 45-49 47 1.4 3.0 
2 93-99 96 2.1 2.2 
3 152-158 155 2.5 1.6 
4 197-209 203 4.2 2.1 
5 233-245 240 4.4 1.8 
6 260-268 265 2.9 1.1 
^ Eight replicated analyses, 
^ SD, Standard deviation; ® CV, Coefficient of variation. 
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The means of the fixed NH/-N values of the six soils ranged from 47 to 265 mg kg"^ 
soil, with standard deviations ranging from 1.4 to 4.4 and coefficient of variation values 
ranging from 1.1 to 3.0%. 
Fixed NH/ in Soils 
Analysis of the 171 soil samples showed that the soils contained appreciable 
amounts of fixed NH/ (Table 43, Appendix). Figure 28 shows the frequency distribution 
diagrams of fixed NH/-N of the soils analyzed. The fixed NH/-N content ranged from 
40 to 268 mg kg"' soil, with most of the values falling between 50 and 250 mg kg ' soil. 
The mean and median values were 155 and 160 mg NH/-N kg"' soil, respectively. The 
values found in this study are similar to those summarized in a review article by Young 
and Aldag (1982) for soils from various parts of the world, even though different methods 
were used in determination of fixed NH/. 
Expressed as percentages of the total N in soils, the amounts of fixed NH/-N 
ranged from 2.9 to 21.3%, with mean and median values of 9.4 and 8.9%, respectively 
(Figure 29). Statistical analyses showed that the fixed NH/-N values were significantiy 
correlated with organic C (r = 0.37*'*) and total N (r = 0.39***) in soils (Figures 30 and 
31). The significant correlation between fixed NH^^-N values and organic C is not 
surprising, because organic C values were significantiy correlated with total N (r = 
0.97***) (Figure 32). It is possible that fixed NH/ was derived from organic matter 
decomposition in the course of time. Freney (1964) raised the possibility that the source 
of fixed NH/ is actually labile organic N compounds entrapped in silicate lattice and 
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Figure 28. Frequency distribution diagram for fixed NH4-N values in 171 Iowa 
surface soils 
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released by treatment with the HF-HCl reagent But, Bremner et al. (1967) suggested that 
such possibilities are remote, though difficult to prove otherwise. Silva (1964), based on 
indirect evidence, reported that interference by NH/-N from organic N compounds is 
insignificant 
Effects of Cropping Systems and 
Lime Application on Fixed NH/ in Soils 
The results of the effect of cropping systems on fixed NH/ are presented in Table 
26. Results of soils from the research centers showed that crop rotations did not 
generally affect fixed NH/ contents of the soils within each site. Fixed NH/ values of 
the soils at the GPRC site were significantly greater than those found in soils from the 
other two sites. Nitrogen fertilization increased the levels of fixed in the soils, but 
not to a significant degree. Some researchers are of the opinion that some amount of N 
added to soils may initially be fixed during a growing season and released as 
exchangeable NH/ for nitrifiers and plant uptake (Chen and Mackenzie, 1992; Sowden, 
1976; Walsh and Murdock, 1963). The results obtained in this study showed no apparent 
depletion of fixed NH/ in the nonfertilized plots or any significant build up of fixed NH/ 
in the soils of the fertilized plots. 
The effect of liming on fixed NH/ is presented in Table 27. Previous studies on 
the amount of fixed NH/ by Iowa soils from applied NH4^ fertilizers showed that NH/ 
fixation increased with increasing pH between 2.3 and 10.9 (Mcintosh, 1962). In the 
present investigation, increases in lime application rates on the same soil did not affect 
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Table 26. Effect of crop rotations and N treatments on fixed NH/-N in soils 
Research'^  Crop N 
center rotation'^  treatment 
Fixed NH4*-N 
Ri' R2 Mean 
CWRC CCCC 
CSCS 
COMM 
LSD P < 0.05 
kg ha"' 
0 
180 
0 
180 
0 
180 
mg NH/-N kg"' soil 
148 
174 
131 
134 
137 
133 
150 
168 
124 
178 
131 
165 
149 
171 
128 
156 
134 
149 
39 
GPRC CCCC 
CSCS 
COMM 
LSD P < 0.05 
0 
200 
0 
200 
0 
130 
190 
191 
191 
191 
183 
189 
188 
199 
188 
192 
193 
195 
189 
195 
190 
192 
188 
192 
10 
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Table 26. (Continued) 
Fixed NH4^-N 
Research'' Crop N 
center rotation'^  treatment R,^ Rj R3 Mean 
kg ha"* -- mg NH/-•N kg"' soil — 
NERC CCCC 0 118 104 106 109 
180 88 109 112 103 
CSCS 0 86 105 107 99 
180 107 106 113 109 
COMM 0 113 89 104 102 
180 94 104 108 102 
ssss 0 107 94 .d 101 
LSD P < 0.05 17 
^ Replicate; subscript indicates replicate plot number. 
CWRC, Clarion-Webster Research Center at Kanawha; GPRC, Galva-Primghar Research 
Center at Sutherland; NERC, Northeast Research Center at Nashua. 
^ CCCC, Continuous com; CSCS, Corn-soybean; COMM, Com-oats meadow-meadow. 
Indicates that sample was not taken. 
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Table 27. Effect of lime application rates on fixed NH/-N in soils 
Fixed NH/-N^ 
Lime applied Ri R2 R3 R4 Mean 
kg ECCE ha-' mg NH, *-N kg-' soil -
0 132 135 136 125 132 
1120 144 135 133 144 139 
2240 146 142 124 126 135 
4480 116 149 138 143 137 
6720 151 115 105 142 128 
8960 101 143 140 135 130 
13440 113 130 164 142 137 
17920 145 118 137 128 132 
LSD P < 0.05 22 
^ Ri, Rj, R3, and R4 indicate the replicated field plots. 
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the amount of fixed NH/ in soil. 
A general conclusion of this study is that the long-term soil management practices 
do not significantly affect the levels of fixed NH/ in the soils. The fixed NH4'^  obtained 
could therefore be attributed to native fixed NH/, which is not influenced by crop 
rotadons, liming, or N fertilizer application; it does not contribute significandy to plant 
nutrition (Black and Waring, 1972). 
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PART VI. NITROGEN MINERALIZATION AND 
NITRIFICATION IN SOILS AS AFFECTED BY 
MANAGEMENT SYSTEMS 
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INTRODUCTION 
For a long time, farmers and scientists have been attempting to improve soil 
management practices that involve low-input, sustainable agriculture. Reduction in N 
requirements for optimal grain yield under monoculture has long been recognized (Schmid 
et al., 1959), and crop rotations have been promoted as critical components in reducing N 
fertilizer application. In general, crops grown in rotation produce greater and higher 
quality plant dry matter than those grown in monoculture (Copeland and Crookston, 
1992). Also, rotated crop sequence may potentially provide available soil N through 
increases in soil organic matter, microbial biomass, and mineralizable N. 
Long-term cropping systems are known to influence soil quality, nutrient cycling, 
and microbial processes. In addition, liming soils also improves the soil environment for 
plant growth and development Ammoniimi-forming fertilizers added to soils that are not 
naturally acidic slowly lowers soil pH (Mahler and Harder, 1984), and, in turn, can reduce 
N mineralization (Clay et aL, 1990, 1993). Liming such soils may reverse the biological 
responses to low pH (Edwards and Beegle, 1988). Liming of soils under some conditions 
has been observed to stimulate N mineralization (Fu et al., 1987), but not imder other 
conditions (Dancer et al., 1973). 
Soil and crop management-induced changes in soil moisture, soil temperature, crop 
rooting, and crop residue can have a large impact on microbial biomass and mineralizable 
C and N (Ross, 1987), and in effect on the ability of soil to supply nutrients to plants 
from organic matter decomposition (Bonde and Rosswall, 1987). In general. 
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incorporating crop residues low in N results in N immobilization. Under suitable 
conditions, the immobilized N is mineralized. Variation in environmental factors, 
however, may cause changes in the decomposition rates of organic materials in soils. Of 
these factors, Oj concentration, moisture content, temperature, pH, substrate specificity, 
and available minerals have been reported to be the most important (Ajwa and Tabatabai, 
1994; Broadbent, et al., 1964; Clark and Gilmour, 1983; Kowalenko et al., 1978). The 
amount of NOj" produced during organic matter decomposition may contribute 
significantiy to NO3" levels in soils and, therefore, may further accelerate groundwater 
pollution. This feedback mechanism may cause changes in the turnover of organic 
materials in soils by altering the factors that affect their decomposition. In this regard, it 
is important to predict the behavior of such plant nutrients as N from an environmental 
stand point also. 
Litde information is available about the effect of such practices on N 
mineralization and nitrification in soils. Studies of Ume applications to soils, in addition 
to N interaction with crop rotations practices, are needed to establish crop N requirements 
and to determine management practices that promote the efficient use of N (El-Haris et 
al., 1983). Such information is needed to determine management practices for better 
strategies in manipulating the soil-plant system for improved water, soil, and 
environmental quality. Thus, this study was undertaken to evaluate N mineralization and 
nitrification in soils as affected by crop rotations, N fertilization, and lime applications. 
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DESCRIPTION OF METHODS 
Soils 
The soils used in this work were the surface soil (0-15 cm) samples described in 
Tables 19 and 20 (Part IV). The surface soils described in Table 24 (Part V) were used 
in the studies of the effect of liming on N mineralization and nitrification. 
Procedures 
Nitrogen mineralization 
Nitrogen mineralization was studied by incubating a mixture of 20 g field-moist 
soil samples (on an oven-dry basis) and an equal weight of acid-washed sand (< 20 
mesh). The soil-sand mixture was mixed thoroughly after being moistened with fine spray 
of deionized water to obtain a homogeneous mixture and prevent segregation during 
transfer to a leaching tube. The mixture was retained and covered in the leaching tubes 
by means of glass wool pads (Figure 33). 
The initial mineral N was removed by leaching with 100 mL 5 mAf CaClj in 5-10 
mL increments and the excess solution removed genfly under vacuum (60 cm Hg). To 
minimize water loss during incubation, the tube was covered with a piece of Saran Wrap 
with a hole (0.5 cm in diameter) in the center. The leaching tube was placed in an 
upright position (Figure 34), and incubated at 20 or 30°C. The leaching procedure was 
repeated every 2 wk for a total of 24 wk. The moisture content of the column was 
adjusted by weighing the columns every 7 d and by adding deionized water. The 
Figure 33. Diagram of the leaching tube and suction flask used for leaching the 
soil-sand mixture before and after incubation (from Al-Khafaji, 1978) 
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Figure 34. Diagram of the leaching tube and rack used for incubation used for 
incubation of soil-sand mixtures (from Al-Khafaji, 1978) 
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leachate thus obtained was made to 100 mL with deionized water and analyzed for NH4-
N and NO3-N by steam distillation (Keeney and Nelson, 1982). 
The nonlinear regression approach described by Smith et al. (1980) was used to 
solve the equation for mineralizable N pool and first-order rate constants (it) 
N„=N,[l-cxp(-kt)] 
where N„ = amount of N mineralized at a specific time {t). The Statistical Analysis 
Syster computer language was used to calculate Ng and k (Barr et al., 1976). 
Nitrification 
In this procedure, a 10-g soil sample (on an oven-dried basis) was placed into an 
8-oz (250 mL) French bottle and treated with 2 mL of solution containing 2000 |xg N as 
(NH4)2S04; added dropwise to moisten the whole soil. The controls were treated with 2 
mL of deionized water. The botfle was stoppered and incubated at 30°C. Every 2 d, the 
bottle was aerated. At the end of 10 d, the (NO3" + NOjO-N produced were extracted 
with 50 mL of 2 M KCl and determined by steam distillation as described by Keeney and 
Nelson (1982). Percentage nitrification was calculated from [(A - B)]/C] x 100, where A 
and B represent the amount of (NO3" + N02")-N produced in the soil treated with and 
without NIV-N, respectively; and C is the amount of NH4^-N added to the soil. 
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RESULTS AND DISCUSSION 
Studies on N mineralization in soils during incubation have been reported to 
follow one of four patterns: (1) immobilization of N during the initial period of incubation 
(Chae and Tabatabai, 1986; Haque and Walmsley, 1972); (2) a decline in the release of 
NOj" with time; (3) a constant and linear NO3' release with time over the duration of 
incubation (Tabatabai and Al-Khafaji, 1980); or (4) a rapid release of NOj" during the 
first few days, and a subsequent slow but linear NOj" release (Feigin et al., 1974; Stanford 
and Smith, 1972). 
Effect of Cropping Systems on Nitrogen Mineralization in Soils 
Studies of N mineralization in the soils from two cropping systems at CWRC and 
GPRC (Tables 19 and 20, Part IV), showed that long-term application of ammoniacal or 
ammonium-forming fertilizers resulted in decreasing soil pH, but, generally, had no effect 
on organic C and N contents. In general, adding ammonium fertilizers to soils that are 
not naturally acidic decrease their pH values (Mahler and Harder, 1984). The decrease in 
pH is attributed in most part to an increase in fix)m the nitrification of the NH/ added 
to soils. In the present study, adding NH/ may have increased the nitrifier populations 
responsible for converting NH4^ to NO3" and the production of 
In this study, the cumulative amount of N mineralized showed a slow initial N 
release, followed by a rapid increase in N mineralization. With increasing time of 
incubation, however, the mineralization patterns became somewhat linear with time of 
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incubation after the second week of incubation. The cumulative amounts of N 
mineralized in soils obtained from the CWRC and GPRC sites are plotted in Figures 35 
and 36, respectively. The amount of N mineralized was affected by the cropping systems 
and N treatments (Table 28). The values, in general, varied between the soil samples of 
the two replicated field plots. This was especially true for the CCCC (CWRC, GPRC 
sites) and CSCS at the CWRC site. There was no marked difference in the amounts of N 
mineralized in N treated and untreated soils under COMM and CSCS rotations at the 
GPRC site (Figures 36 and Table 28). 
The averaged cumulative N mineralized, expressed as percentages of organic N, 
were generally greater in N-treated plots (Table 28), indicating an upsurge of nitiifiers 
and/ or improved efficiency of the enzymes responsible for converting organic N to NH/ 
and to NOa". The highest amount of N mineralized was in the COMM rotation. This 
supports the beneficial effects of legumes on soil organic matter and crop productivity in 
crop rotations. Such a rotation sequence may potentially provide available soil N through 
increase in soil organic matter, microbial biomass, and mineralizable N. 
Application of the log transformation of the data to calculate the potential 
mineralizable N (N^ and the first-order rate constants (Jfc) showed that the data obeyed the 
model proposed by Stanford and Smith (1972). Convergence of the nonlinear model did 
occur by using < 50 iterations. The studies showed, in general, higher N mineralization 
potential (N^) and lower first-order rate constant (k) in the N-treated than untreated soils 
(Table 29). The higher and lower k values suggest that there was abundant 
mineralizable N substrate in the soils treated with N, but decomposed less rapidly during 
Figure 35. Cumulative amounts of N mineralized in soUs under various crop 
rotations at the Claiion-Webster Research Center and incubated 
at 30°C for 24 weeks 
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Figure 36. Cumulative amounts of N mineralized in soils under various crop 
rotations at the Galva-Piimghar Research Center and incubated 
at 30°C for 24 weeks 
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Table 28. Effect of cropping systems on N mineralization in soils during 24 weeks of incubation at 30°C 
Research Crop N Cumulative Percentage 
center rotation'' treatment N mineralized^ N mineralized'^  
kg ha ' mg N kg ' soil % 
Clarion- CCCC 0 63-66 (64) 2.5-2.6 (2.6) 
Webster 180 125-138 (132) 4.5-5.5 (5.0) 
at Kanawha 
(CWRC) CSCS 0 67-81 (74) 2.6-3.2 (2.9) 
180 106-141 (123) 4.0-5.1 (4.6) 
COMM 0 131-135 (133) 4.5-5.0 (4.8) 
180 117-154 (135) 3.7-5.2 (4.5) 
Galva- CCCC 0 58-60 (59) 3.1-3.3 (3.2) 
Primghar 
at 
Sutherland 
200 85-93 (89) 4.4-4.6 (4.5) 
CSCS 0 68-93 (69) 3.5-3.6 (3.6) 
(GPRC) 200 68-71 (69) 3.2-3.6 (3.4) 
COMM 0 89-98 (94) 4.0-4.7 (4.4) 
130 92-92 (92) 4.0-4.2 (4.1) 
^ Figures in parentheses are averages of samples from two replicated 
CCCC, Continuous com; CSCS, Corn-soybean; COMM, Com-oats 
^ N mineralized expressed as percentage of total organic N. 
tield plots, 
meadow-meadow. 
Table 29. Effect of cropping systems on mineralizable N pools and first-order rate constants of soils incubated for 
24 weeks of incubation at 
Research'' Crop*^ 
center rotation 
Clarion-
Webster 
at Kanawha 
(CWRC) 
Galva-
Primghar 
at 
Sutherland 
(GPRC) 
CCCC 
CSCS 
COMM 
CCCC 
CSCS 
COMM 
N 
treatment N„ k 
kg ha"' - mg N kg ' soil- week"' 
0 
180 
128-189 (158) 
803-1473 (1139) 
0.017-0.030 
0.004-0.007 
0 
180 
467-652 (560) 
156-791 (473) 
0.009-0.014 
0.009-0.054 
0 
180 
225-333 (279) 
584-983 (784) 
0.010-0.019 
0.005-0.011 
0 
200 
134-169 (151) 
272-338 (305) 
0.019-0.024 
0.014-0.016 
0 
200 
319-382 (351) 
343-575 (459) 
0.012-0.014 
0.007-0.013 
0 
130 
174-257 (216) 
221-259 (240) 
0.013-0.022 
0.013-0.015 
® N„ = mineralizable N pool; k = first-order rate constant. Figures in parentheses are averages of samples from two 
replicated field plots. 
^ Kanawha, Webster silty clay loam; Sutherland, Galva silt loam. ®CCCC, Continuous Com; CSCS, Corn-soybean; 
COMM, Com-oats meadow-meadow. 
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incubation. 
Effect of Lime Application on N Mineralization and Nitrification in Soils 
As expected, liming increased soil pH (Table 24, Part V). TTie patterns and 
amounts of N mineralized at 20 and 30°C varied among the soil samples of the four 
replicated field plots at both temperatures (Figures 37-44). The amounts of N mineralized 
at 20°C showed N was initially slow during the first 2 wk of incubadon, showing a lag 
period. The lag period disappeared when the soils were incubated at 30°C. The 
cumulative amounts of N mineralized at 20 and 30°C during 20 wk of incubation for the 
lime treated soils are presented in Table 30. 
The results showed that the cummulative N mineralized at 20°C was not affected 
by the rate of lime application, but it was somewhat affected at 30°C (Table 30). This 
suggests that the microorganisms involved in N mineralization were more active at 30°C 
than 20°C. The Qio values of N mineralization ranged from 1.9 to 2.2 (Table 30). In 
studies with 40 acid surface soils (pH 4.0-5.6), Nyborg and Hoyt (1978) showed that the 
cumulative amounts of N mineralized increased by two-fold during a 4-wk incubation 
when the soil pH increased to 6.7 by liming. The effect of liming was temporal because 
the enhancement of N mineralization was not observed after 1 or 2 yr. Other studies by 
Dancer et al. (1973) showed that liming soU to higher pH values did not affect N 
mineralization rates. 
Expressed as percentages of total organic N in soils, the cumulative amounts of N 
ranged from 2.7 to 3.4% at 20°C of incubation, and from 5.8 to 7.5% at 30''C of 
Figure 37. Cumulative amounts of N mineralized in soils incubated for 20 weeks at 20*'C or 30®C 
(lime treatment = 0 kg ECCE ha'*) 
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Figure 38. Cumulative amounts of N mineralized in soils incubated for 20 weeks at 20°C or SCC 
(lime treatment = 1120 kg ECCE ha ') 
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Figure 39. Cumulative amounts of N mineralized in soils incubated for 20 weeks at 20''C or 30°C 
(lime treatment = 2240 kg ECCE ha"') 
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Figure 40. Cumulative amounts of N mineralized in soils incubated for 20 weeks at 20®C or 30°C 
(lime treatment = 4480 kg ECCE ha ') 
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Figure 41. Cumulative amounts of N mineralized in soils incubated for 20 weeks at 20°C or 30''C 
(lime treatment = 6720 kg ECCE ha"') 
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Figure 42. Cumulative amounts of N mineralized in soils incubated for 20 weeks at 20°C or 30°C 
(lime treatment = 8960 kg ECCE ha ') 
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Figure 43. Cumulative amounts of N mineralized in soils incubated for 20 weeks at 20''C or 30°C 
(lime treatment = 13440 kg ECCE ha"') 
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Figure 44. Cumulative amounts of N mineralized in soils incubated for 20 weeks at 20''C or 30°C 
(lime treatment = 17920 kg ECCE ha'*) 
120 -
105 -
90 -
75 -
60 
45 
30 
15 
01 
20®C 
17920 kg ECCE ha -1 
• 
/ 
30 C 
17920 kg ECCE ha ^ 
/ • 
i 
Li 
f 
10 15 20 25 0 10 15 20 25 
INCUBATION TIME (weeks) 
188 
Table 30. Effect of lime application rates on N mineralization in soils during 20 weeks 
of incubation at 20 or BO'C 
Cumulative N mineralized at temperatures specified^ 
Lime applied 20°C BO'C Qio 
kg ECCE ha ' mg N kg"' soil 
0 31.2-55.4 (41.8) 63.0-107 (79.3) 1.8-2.1 (1.9) 
1120 30.3-50.0 (35.9) 59.1-113 (75.5) 1.9-2.3 (2.1) 
2240 34.7-51.2 (43.5) 62.0-111 (87.9) 1.8-2.2 (2.2) 
4480 31.5-48.3 (40.5) 61.9-93.3 (80.6) 1.9-2.2 (2.0) 
6720 36.3-44.2 (40.6) 67.1-89.6 (78.2) 1.8-2.0 (1.9) 
8960 37.6-44.2 (41.6) 81.9-96.5 (92.0) 2.0-2.6 (2.3) 
13440 37.6-44.0 (41.6) 81.9-96.5 (92.0) 1.9-2.4 (2.1) 
17920 33.9-57.9 (43.2) 84.1-118 (96.2) 2.0-2.5 (2.2) 
^ Figures in parentheses are averages of samples from four replicated field plots. 
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incubation (Table 31). 
The log transformation of the data to calculate the potential mineralizable N (Ng) 
and the first-order rate constants (k) showed that the data also obeyed the exponential 
equation proposed by Stanford and Smith (1972). Increasing the rate of lime application 
decreased the mineralizable N pool (Ng) at 20''C of incubation (Table 32), but not at 30°C 
(Table 33), the values calculated from the N mineralization data obtained at 30°C were 
not consistent (Tables 44 and 45, Appendix). In general, the first-order rate constants (k) 
increased with increasing the rate of lime application at both temperatures. 
Even though and k values may provide estimates of the N-supplying power of 
soils, a major disadvantage in obtaining these values is that incubations are time 
consuming and do not consider fluctuations in environmental effects. 
Liming soils markedly increased the nitrification rate. The rates, expressed as 
percentages of the NH4-N added, varied among the four replicated plots of each rate of 
lime treatment, but the averages ranged from 27% for the untreated (0 kg ECCE ha'^ ) to 
76% for the soils treated with 17920 kg ECCE ha"' (Table 34), suggesting that liming 
stimulated the microbial populations re^onsible for nitrification in soils. 
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Table 31. Effect of lime application rates on percentage of N mineralized in soils 
incubated for 20 weeks at 20 or 30°C 
Percentage N mineralized at temperatures specified^ 
Lime applied 20°C SO^C 
kg ECCE ha"' % 
0 2.3-4.4 (3.3) 4.8-8.4 (6.2) 
1120 2.3-3.8 (2.7) 4.6-8.6 (5.8) 
2240 2.9-3.6 (3.4) 5.1-7.7 (6.7) 
4480 2.5-3.8 (3.2) 4.9-7.3 (6.3) 
6720 2.8-3.6 (3.2) 5.2-7.3 (6.1) 
8960 2.6-3.6 (3.1) 6.0-7.6 (6.8) 
13440 2.7-3.5 (3.2) 6.4-7.6 (6.8) 
17920 2.8-4.2 (3.4) 6.8-8.5 (7.5) 
^ N mineralized expressed as percentage of total organic N. Figures in parentheses 
are averages of samples from four replicated field plots. 
191 
Table 32. Effect of lime application rates on mineralizable N pools and 
first-order rate constants of soil incubated for 20 weeks at 20°C® 
Lime applied N„ k 
kg ECCE ha"' - mg N kg'^  soil- week"' 
0 94-147 (123) 0.015-0.024 (0.021) 
1120 72-142 (100) 0.019-0.027 (0.023) 
2240 83-96 (90) 0.027-0.041 (0.032) 
4480 73-91 (92) 0.028-0.046 (0.037) 
6720 64-121 (92) 0.018-0.054 (0.036) 
8960 66-90 (81) 0.030-0.042 (0.036) 
13440 68-107 (87) 0.022-0.050 (0.037) 
17920 75-94 (84) 0.029-0.049 (0.036) 
^ N(, = mineralizable N pool; k = first-order rate constant Figures in 
parendieses are averages of samples from four replicated field plots. 
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Table 33. Effect of lime application rates on mineralizable N pools and first-order 
rate constants of soil incubated for 20 weeks at 
Lime applied k 
kg ECCE ha' - mg N kg'^  - week'^  
0 128-194 (160) 0.021-0.040 (0.037) 
1120 102-161 (124) 0.039-0.063 (0.050) 
2240 128-227 (174) 0.024-0.048 (0.038) 
4480 138-191 (159) 0.020-0.057 (0.039) 
6720 107-138 (124) 0.046-0.057 (0.050) 
8960 140-217 (168) 0.031-0.052 (0.042) 
13440 148-218 (173) 0.026-0.042 (0.037) 
17920 120-176 (157) 0.033-0.064 (0.050) 
^ No = mineralizable N pool; k = first-order rate constant. Figures in 
parentheses are averages of samples fi-om four replicated field plots. 
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Table 34. Effect of lime application rates on nitclAcation in soils 
Lime applied 
Nitrification rate® 
Rj Ra R4 Mean 
kg ECCE ha ' 
0 44 20 24 21 27 
1120 23 49 23 22 29 
2240 40 31 25 28 31 
4480 61 39 49 26 44 
6720 50 42 53 43 47 
8960 67 77 56 54 64 
13440 65 74 66 64 67 
17920 81 79 80 66 77 
LSD P < 0.05 14 
^ R = Replicate, subscript indicates replicate plot number. 
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SUMMARY AND CONCLUSIONS 
The objectives of this study were: (1) to study the effect of cropping systems on 
amino acid composition of protein or peptides associated with soil organic matter, (2) to 
develop a method for assay of aspartase activity in soils, (3) to assess the factors affecting 
aspartase activity in soils, (4) to evaluate the influence of cropping systems, tUlage, and 
residue management practices on aspartase activity in soils, (5) to study the distribution 
of fixed NH/ in Iowa surface soils and in soils under different management systems, (6) 
to evaluate N mineralization and nitrification in soils as affected by cropping systems and 
liming. 
The findings can be summarized as follows: 
1. The total amino acids for 10 Iowa surface soils ranged from 573 to 1384 mg 
kg"^ soil. In general, the values increased with increasing organic C content Expressed 
as percentages of total amounts of amino acids extracted, the asparagine fraction ranged 
from 15.2% in Fayette soil to 23.8% in Canisteo soil. The glutamine fraction was more 
uniform among the 10 surface soils; the values ranged from 15.0% in Fayette, Grundy, 
and Canisteo soils to 16.7% in Pershing soil. Glycine ranged from 8 to 9% of the total 
amino acids found, followed by alanine (7 to 9%), threonine (6 to 7%), leucine (6 to 7%), 
serine (5 to 7%), and isoleucine (4 to 5%). The percentages of the other amino acids 
were < 4% of the total amino acids found. 
2. Statistical analyses showed that the total amino acids was significantly 
conelated with organic C and with clay content, with r values of 0.79** and 0.76**, 
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respectively. The total amino acids found was not significantly correlated with total soil 
N, pH, and sand content The results suggest that the amino acids exist in soils as 
components of proteins possibly bound to organic matter-clay complexes. 
3. Expressed as percentages of the organic C in soils, the amounts of organic C 
extracted ranged from 10.9% for Okoboji soil to 32.4% for Fayette soil. The percentages 
of the organic N extracted ranged from 12.0% for the Okoboji soil to 27.4% for the Harps 
soil. The amino acid N identified as percentages of organic N extracted ranged from 32% 
for Nicollet soil to 50% for Haips soil, and the C/N ratios of the extracted organic matter 
ranged from 10.1 in the extract of Okoboji soil to 14.9 in the extract of Fayette soil. 
4. The effect of crop rotations and N fertilizer treatments on the amino acid 
composition of the extracts obtained from soils showed that asparagine plus aspartic acid 
and glutamine plus glutamic acid were the highest concentrations of amino acids found in 
the soils from the Clarion-Webster Research Center (CWRQ plots, whereas glutamine 
plus glutamic acid were the highest concentration found in the soils from Galva-Primghar 
Research Center (GPRC) plots. The total amino acids of the soils from the CWRC plots 
ranged from 934 to 1509 mg kg*^ soil, and the soils from GPRC plots ranged from 566 to 
1022 mg kg'^  soil. The type of rotation did not significantly affect the total amino acid 
content of the soils from the same N treatment, but the type of crop rotation significantiy 
affected the amino acid content of the soils from the control plots of the CWRC site. The 
total amino acids due to crop rotations at the CWRC site were in the order: COMM > 
CCCC > CSCS. The corresponding order for the GPRC sites was: CSCS > COMM > 
CCCC. The amino acid N identified, expressed as percentages of organic N extracted 
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from the soUs at the CWRC site, ranged from 33.1 to 50%. The corresponding values for 
the soils at the GPRC site ranged from 26.5 to 51.4%. The C/N ratios of the organic 
matter extracted ranged from 10.4 to 14.1 and from 6.5 to 14.3 for the soils from CWRC 
and GPRC sites, respectively. 
5. A simple and precise method for assay of aspartase activity in soils was 
developed. The method involves determination, by steam distillation, of the NHj^-N 
produced vrhen soil is incubated with potassium aspartate in 0.1 M tris (hydroxymethyl) 
aminomethane (THAM) buffer (pH 8.5) and toluene at 37°C for 24 h. Results showed 
that soil aspartase has its optimal activity at buffer pH 8.5, and is inactivated at 
temperatures > 40°C. Preheating soil samples for 2 h before assay of aspartase activity 
showed that the enzyme is stable up to 40''C in field-moist samples and up to 70°C in air-
dried samples. The K„ values of the aspartase activity in three soils ranged fix)m 0.173 to 
0.208 M. The Arrhenius equation plots for aspartase activity in three soils were linear 
between 20 and 40°C. The activation energy values of the reaction catalyzed by this 
enzyme ranged from 40.1 to 50.7 kJ mol'S and the temperature coefficients (Qio) ranged 
from 1.50 to 2.44 (avg = 1.89). Treatment of soils with formaldehyde, dimethylsulfoxide, 
and HgClz decreased, but toluene increased the aspartase activity. The use of sulfhydryl 
reagents suggested that a free sulfhydryl moiety is present in the active sites of this 
enzyme. The coefficients of variation of the proposed method for assay of aspartase 
activity in soUs was < 2.5%. 
6. Aspartase activity was significantiy correlated with clay content (r = 0.44*), 
organic C (r = 0.85"*), and total N (r = 0.73"*) in 27 Iowa surface soils examined. The 
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activity of this enzyme in soils was significantly correlated with amidase activity (r = 
0.44*), urease activity (r = 0.80*"), L-asparaginase activity (r = 0.94***), and L-
glutaminase activity (r = 0.88***) in the 27 Iowa surface soils tested. 
7. The effect of 24 trace elements added to three air-dried or field-moist soils at a 
rate of S )imol g'^  soil showed that the degree of inhibition varied among the soil 
conditions (field-moist or air-dried). The percentage inhibition of aspartase activity 
ranged from 13% for Fe(in) to 98% for Ag(I). Silver (I) and Hg(II) were the most 
effective inhibitors of aspartase activity. 
8. The effect of crop rotations and N application on aspartase activity in soils 
from the CWRC, GPRC, and Northeast Research Center (NERC) showed that, in general, 
crop rotation affected aspartase activity. The order of aspartase activity was: COMM > 
CSCS > CCCC. Because of nitrification of the ammonium or anunoium-forming 
fertilizers, which resulted in decreasing the soil pH values, N fertilizer application, in 
general, decreased the aspartase activity in soils. The decreasing order was: CCCC > 
CSCS > COMM. 
9. The pH values of replicated plots from the tillage and residue management 
systems varied. The pH values of soil samples from replicate IV were significantly lower 
than those of the other three replicated plots. The organic C content was markedly 
affected by tillage and residue management practices. The highest organic C content was 
obtained with the no-till/2x mulch, and the lowest was with the no-till/bare and 
moldboard/normal treatments. The effect of tillage and residue management practices on 
aspartase activity in soils show^ a very wide variation. The trend showed was as 
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follows: no-till/2x mulch > chisel plow/mulch > moldboard plow/mulch > no-till normal > 
chisel plow normal > no-till bare > moldboard plow normal. Aspartase acdvity decreased 
with increasing depth in the plow layer (0-15 cm) of the no-till/2x mulch. The decreased 
acdvity was accompanied by decreasing organic C with depth in the plow layer. 
Statistical analyses showed that aspartase activity was significantiy correlated with soil pH 
(r = 0.58"*) and organic C (r = 0.78"*). The pattern of distribution of aspartase activity 
among the soils of the four replicates is probably due to different pH and organic C 
distribution in the plow layer. 
10. Analysis of 171 Iowa surface soils showed that the amount of fixed NH/-N 
ranged from 40 to 268 mg kg'^  soil, with most of the values falling between 50 and 250 
mg kg'^  soU. The mean and median values were 155 and 160 mg kg'^  soil, respectively. 
Expressed as percentage of total N in soils, the amount of fixed NH/-N ranged from 2.9 
to 21.3%, with a mean and median values of 9.4% and 8.9%, respectively. The values 
were not significantiy affected by crop rotations and lime application. Statistical analysis 
showed that the fixed NH/-N values were significantiy correlated with organic C (r = 
0.37***) and total N (r = 0.39*") in soUs. 
11. The average cumulative N mineralized in soils from the long-term rotation 
experiments at CWRC and GPRC sites, expressed as percentages of organic N, were 
generally greater in N-treated plots, indicating an upsurge of nitrifiers and/or improved 
efficiency of the enzymes responsible for converting organic N to NH/ and, in turn, to 
NO3". The greatest amount of N mineralized was in the soils from the COMM rotation 
plots. Application of the log transformation of the data to calculate the potential 
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mineralizable N (iVJ and the first-oider rate constants (k) showed that the data obeyed the 
exponential equation proposed by Stanford and Smith (1972). 
12. Studies on the effect of lime application rates on N mineralization showed 
that the cumulative amounts of N mineralized at 20°C was not affected, but at 30°C was 
affected, by lime application. The Qio values of N mineralization ranged from 1.9 to 2.2. 
Expressed as percentages of total organic N in soils, the cumulative amounts of N 
mineralized ranged from 2.7 to 3.4% at 20°C, and from 5.8 to 7.5% at 30°C of incubation. 
13. Increasing the rate of lime application decreased the values at 20°C, but 
not at 30°C. Li general, the first-order rate constants increased with increasing the rate of 
lime application at both temperatures. 
14. Liming soils markedly increased the nitrification rate. The rates, expressed as 
percentages of the NH4-N added, varied among the soils of the four replicated £leld plots, 
but the averages ranged from 27% for the untreated (0 kg ECCE ha"') to 76% for the soils 
treated with 17920 kg ECCE ha'\ suggesting that liming stimulated the microbial 
population responsible for nitrification in soils. 
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APPENDIX 
Table 35. Amino acids extracted from Iowa surface soils 
Soil sample Asx Thr Ser Glx Pro Gly Ala Val De Leu Tyr Phe His Lys Arf 
mgkg' 
Weller 103 41 40 104 25 55 50 32 27 40 11 16 12 39 30 
Fayette 87 31 29 86 20 46 37 27 25 34 a 13 82 29 27 
Pershing 89 38 37 96 25 51 49 30 28 36 — 15 13 37 30 
Grundy 157 69 62 144 37 85 76 57 48 62 — 26 19 64 53 
Clarion 215 70 63 166 46 88 78 58 49 60 — 30 16 57 49 
Webster 267 70 64 180 38 91 79 61 51 65 — 33 14 63 46 
Nicollet 145 59 53 133 32 74 66 48 40 50 — 23 15 47 46 
Okoboji 180 58 53 133 32 73 66 47 42 54 — 27 12 45 43 
Canisteo 305 79 67 192 49 104 91 75 63 85 — 42 14 61 56 
Harps 219 101 95 217 64 130 121 75 61 79 28 26 99 69 
® —, Not calculated. 
Table 36. Amino acids extracted from soils obtained from two replicated field-plots without N treatment 
(control plots) at the Clarion-Webster Research Center at Kanawha, Iowa® 
Amino 
acid 
cccc'^ CSCS COMM 
R. R2 Mean R. R2 Mean R. R, Mean 
mg kg ' 
Asparagine + Aspartic acid 213 273 243 222 188 205 288 296 292 
Threonine 73 83 78 63 63 63 103 103 103 
Serine 62 70 66 53 53 53 89 89 89 
Glutamine + Glutamic acid 157 175 166 152 136 144 215 217 216 
Proline 45 55 50 40 46 43 73 77 75 
Glycine 87 103 95 78 78 78 126 128 127 
Alanine 81 91 86 68 70 69 113 113 113 
Cysteine 2 — 1 — — — — — — 
Valine 63 67 65 54 54 54 89 87 88 
Methionine 16 10 13 — — — — — — 
Isoleucine 49 57 53 45 45 45 73 71 72 
Leucine 63 71 67 59 59 59 95 95 95 
Tyrosine — — — — — — — — — 
Phenylalanine 29 35 32 30 28 29 47 45 46 
Histidine 13 15 14 10 14 12 21 21 21 
Lysine 56 64 60 57 55 56 87 95 91 
Tryptophan — — — — — — — — — 
Arginine 50 56 53 45 45 45 69 73 71 
® Webster silty clay loam. ^ CCCC, Continuous com; CSCS, Corn-soybean; COMM, Com-oats meadow-meadow. 
R = Replicate; subscript indicates replicate plot number. —, Indicates that it could not be calculated. 
Table 37. Amino acids extracted from soils obtained from two replicated field-plots treated with 180 kg N kg ' at 
the Clarion-Webster Research Center at Kanawha, Iowa® 
Amino 
acid 
CCCC" CSCS COMM 
Ri R, Mean Ri R, Mean R. R, Mean 
mg kg ' 
Asparagine + Aspartic acid 279 267 273 277 295 286 302 240 271 
Threonine 100 98 99 79 93 86 85 97 91 
Serine 85 91 88 68 78 73 81 87 84 
Glutamine + Glutamic acid 208 196 202 193 215 204 212 174 193 
Proline 64 66 65 51 65 58 71 75 73 
Glycine 114 116 115 102 116 109 118 126 122 
Alanine 104 102 103 88 104 96 105 117 111 
Cysteine 4 — 2 — — — — — — 
Valine 80 80 80 77 87 82 85 67 76 
Methionine 14 12 13 12 — 6 — — — 
Isoleucine 66 64 65 59 67 63 69 55 62 
Leucine 85 85 85 76 88 82 89 89 89 
Tyrosine — — — — — — 6 — 3 
Phenylalanine 43 43 43 41 43 42 47 39 43 
Histidine 19 19 19 10 16 13 15 15 15 
Lysine 79 73 76 60 78 69 71 69 70 
Tryptophan — — — — — — — — — 
Arginine 69 67 68 53 67 60 62 54 58 
® Webster silty clay loam. CCCC, Continuous com; CSCS, Com-soybean; COMM, Com-oats meadow-meadow. 
R = Replicate; subscript indicates replicate plot number. —, Indicates that it could not be calculated. 
Table 38. Amino acids extracted from soils obtained from two replicated field-plots without N treatment 
(control plots) at the Galva-Primghar Research Center at Sutherland, Iowa® 
CCCC" CSCS COMM 
Amino 
acid R, Rj Mean R, Rj Mean R, Rj Mean 
mg kg ' soil 
Asparagine + Aspartic acid 122 102 112 105 165 135 104 164 134 
Threonine 51 41 46 43 73 58 41 71 56 
Serine 45 37 41 40 66 53 38 66 52 
Glutamine + Glutamic acid 132 112 122 117 167 142 113 163 138 
Proline 34 28 31 27 49 38 30 50 40 
Glycine 66 52 59 54 92 73 54 88 71 
Alanine 59 47 53 49 87 68 47 79 63 
Cysteine — — — — — — 3.5 3.3 3, 
Valine 38 32 35 32 54 43 34 54 44 
Methionine — — — 15 23 19 13 19 16 
Isoleucine 29 23 26 24 40 32 25 43 34 
Leucine 39 33 36 30 50 40 34 54 44 
Tyrosine — — — — — — — — — 
Phenylalanine 15 13 14 13 21 17 13 23 18 
Histidine 13 9 11 10 16 13 9 17 13 
Lysine 48 44 46 36 70 53 38 68 53 
Tryptophan — — — — — — — — — 
Arginine 34 28 31 27 49 38 27 47 37 
® Galva silt loam. CCCC, Continuous com; CSCS, Corn-soybean; COMM, Com-oats meadow-meadow. 
R = Replicate; subscript indicates replicate plot number. —, Indicates that it could not be calculated. 
Table 39. Amino acids extracted from soils obtained from two replicated field-plots treated with 200 kg N kg"' 
(CCCC or CSCS) or 130 kg N ha"' (CX)MM) at the Galva-Primghar Research Center at Sutherland, Iowa® 
CCCC*' CSCS COMM 
Amino 
acid R. R2 Mean Ri R, Mean R. R, Mean 
mg kg"' 
Asparagine + Aspartic acid 104 96 100 130 138 134 118 148 133 
Threonine 45 39 42 56 58 57 48 64 56 
Serine 40 36 38 51 53 52 45 59 52 
Glutamine + Glutamic acid 117 109 113 139 145 142 133 155 144 
Proline 31 27 29 37 37 37 31 41 36 
Glycine 57 51 54 69 71 70 58 76 67 
Alanine 51 45 48 63 65 64 52 68 60 
Cysteine — — — 4 — 2 — — — 
Valine 34 34 34 40 44 42 36 46 41 
Methionine 16 — 8 23 17 20 16 24 20 
Isoleucine 26 24 25 32 32 32 28 36 32 
Leucine 35 31 33 40 42 41 32 44 38 
T)rrosine — — — — — — — — — 
Phenylalanine 14 12 13 17 19 18 15 19 17 
Histidine 10 8 9 14 14 14 11 15 13 
Lysine 38 30 34 50 56 53 39 51 45 
Tryptophan — — — — — — — — — 
Arginine 28 24 26 37 41 39 28 38 33 
® Galva silt loam. ^ CCCC, Continuous com; CSCS, Com-soybean; COMM, Com-oats meadow-meadow. 
R = Replicate; subscript indicates replicate plot number. —, Indicates that it could not be calculated. 
Table 40. Properties of the 27 soils used in Part III to study the effects of soil properties on aspartase activity in soils 
Soil pH Organic C Total N Clay Sand 
g kg» soil 
Storden 
Ida 
Hayden 
Hagener 
Weller 
Luther 
Gosport 
Downs 
Fayette 
Pershing 
Clinton 
Edina 
Tama 
Marshall 
Shelby 
Monona 
Sharpsburg 
Muscatine 
Grundy 
Ames 
Clarion 
Webster 
Nicollet 
Lester 
Canisteo 
Okoboji 
Harps 
7.8 3.6 0.43 200 414 
7.4 6.0 0.78 160 70 
5.8 8.0 0.80 140 530 
6.4 9.2 0.93 130 640 
6.0 12.2 1.40 235 46 
6.4 13.0 1.02 170 330 
5.5 23.7 2.04 260 13 
5.1 14.3 1.38 163 53 
7.4 15.0 1.75 179 43 
6.0 15.7 1.40 291 45 
6.0 16.5 1.63 312 19 
6.2 19.5 1.78 250 10 
7.5 20.4 1.97 290 30 
6.0 20.6 1.96 280 10 
6.7 24.6 2.31 260 330 
5.7 25.4 2.54 210 58 
6.0 25.4 2.29 330 20 
7.3 26.0 2.33 300 30 
6.1 26.9 1.90 248 46 
6.7 29.9 2.23 100 570 
6.3 31.2 2.35 264 250 
6.9 32.4 3.80 280 302 
7.0 33.8 2.19 254 316 
6.6 34.0 2.53 160 330 
7.4 35.2 3.02 312 190 
7.0 43.0 3.90 261 304 
7.9 44.0 2.43 356 188 
Table 41. Enzymes activities of the 27 Iowa surface soils used in Part III 
Soil Aspartase Amidase Urease L-asparaginase L-glutaniinase 
mg NH/-N kg' soil 24 h ' ma NH -N IfP"' «nil 1 h"' •1  ^ Ivg oUil ^  It — 
Storden 62.8 74.7 23.6 8.6 97.8 
Ida 44.2 276 43.4 11.5 49.1 
Hayden 57.7 134 55.0 9.0 55.5 
Hagener 84.7 256 50.6 15.1 145 
Weller 87.3 339 28.0 13.9 91.9 
Luther 56.5 184 24.6 9.6 114 
Gosport 176 615 122 33.8 369 
Downs 149 474 91.2 26.5 223 
Fayette 104 339 58.9 iin 258 
Pershing 103 386 29.4 20.5 168 
Clinton 189 864 102 47.9 369 
Edina 143 380 62.7 21.1 288 
Tama 125 227 79.1 40.9 358 
Marshall 107 429 81.0 16.4 139 
Shelby 230 653 137 36.5 503 
Monona 236 567 163 54.2 496 
Sharpsburg 168 608 131 31.8 383 
Muscatine 99 299 74.8 24.1 260 
Grundy 160 144 61.3 27.3 309 
Ames 262 677 85.4 67.5 678 
Clarion 350 657 70.9 54.2 413 
Webster 373 648 122 50.1 444 
Nicollet 313 301 205 69.0 668 
Lester 252 846 183 58.9 605 
Canisteo 478 389 385 87.9 722 
Okoboji 273 636 147 47.9 448 
Harps 517 386 204 101 711 
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Table 42. Effect of tillage and residue management on aspartase activity in soils 
Treatments Rep I Rep n Rep m Rep IV 
NoTilVBare 
No Till/Normal 
No TilV2x Mulch 
Chisel/Normal 
Chisel/Mulch 
Moldboard Plow/ 
Normal 
Moldboard Plow/ 
Mulch 
80 
133 
174 
92 
168 
-- mg NH4*-N released kg"' soil 24 h ' 
46 
149 
Depth of No Till/2x Mulch 
0 - 5 cm 307 
5 - 10 cm 
10 - 15 cm 
232 
123 
64 
132 
232 
95 
202 
60 
121 
412 
161 
114 
49 
79 
163 
73 
134 
55 
160 
347 
106 
95 
37 
23 
37 
40 
42 
39 
71 
124 
39 
62 
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Table 43. Fixed NH/-N, Total N, and organic C of 171 Iowa Surface soils 
Sou Fixed NH/-N Total N Organic C 
1 233 
2 212 
3 216 
4 209 
5 191 
6 198 
7 264 
8 193 
9 220 
10 258 
11 223 
12 219 
13 199 
14 232 
15 192 
16 200 
17 213 
18 188 
19 205 
20 195 
21 194 
22 200 
23 204 
24 219 
25 198 
26 192 
27 210 
28 199 
29 192 
30 196 
31 170 
32 137 
33 91 
34 88 
35 108 
36 122 
37 85 
38 108 
39 127 
40 78 
41 102 
42 135 
43 70 
44 87 
-- g kg*' soil 
1587 19.1 
2081 28.9 
1737 22.4 
1604 18.2 
1569 21.8 
1715 22.7 
1997 21.9 
2097 24.4 
1920 25.9 
1292 15.7 
1237 16.5 
1182 11.8 
1288 15.5 
1279 15.2 
2208 28.7 
1907 22.8 
2224 25.0 
1683 19.5 
2150 27.0 
1849 23.3 
2014 26.3 
2207 26.3 
2182 24.0 
2149 25.0 
2550 24.2 
2070 23.7 
2344 26.9 
2344 23.5 
2133 22.7 
1941 25.6 
2185 13.5 
1071 15.5 
1187 14.4 
1152 15.8 
1202 16.4 
1345 26.7 
2032 12.9 
1122 16.2 
1926 23.7 
1057 13.3 
1834 24.4 
1731 23.1 
1155 14.6 
992 11.5 
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Table 43. (Continued) 
Soil Fixed NH/-N Total N Organic C 
45 123 
46 196 
47 164 
48 114 
49 108 
50 123 
51 84 
52 107 
53 72 
54 136 
55 115 
56 86 
57 139 
58 107 
59 124 
60 244 
61 82 
62 184 
63 160 
64 262 
65 218 
66 115 
67 122 
68 118 
69 205 
70 224 
71 75 
72 68 
73 92 
74 92 
75 70 
76 156 
77 209 
78 194 
79 227 
80 268 
81 204 
82 196 
83 239 
84 226 
85 175 
86 216 
87 230 
88 231 
g kg"' soil 
840 10.8 
1171 12.2 
1624 21.2 
2322 24.1 
1016 13.8 
1564 19.5 
1452 20.5 
1204 16.4 
1002 14.4 
1468 18.1 
1737 21.8 
995 12.3 
1517 16.6 
1331 16.2 
1276 13.1 
1145 12.0 
1357 14.6 
1808 20.1 
1225 14.5 
1304 12.7 
2084 25.8 
1404 15.2 
1766 19.1 
1601 16.5 
2200 26,0 
2285 17.5 
937 11.4 
1059 14.0 
1215 15.2 
1235 14.2 
855 10.2 
1474 16.1 
1811 19.7 
1748 20.9 
2688 32.0 
1966 22.5 
1898 24.6 
1476 19.3 
1589 18.5 
1613 19.0 
1687 19.4 
2520 28.6 
1341 15.7 
2501 26.9 
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Table 43. (Continued) 
Soil Fixed NH/-N Total N Organic C 
89 215 
90 235 
91 268 
92 72 
93 178 
94 177 
95 129 
96 123 
97 181 
98 179 
99 92 
100 92 
101 93 
102 134 
103 108 
104 72 
105 95 
106 107 
107 106 
108 93 
109 73 
110 136 
111 103 
112 79 
113 165 
114 81 
115 152 
116 121 
117 116 
118 106 
119 127 
120 121 
121 204 
122 112 
123 186 
124 203 
125 184 
126 202 
127 174 
128 167 
129 174 
130 183 
131 150 
132 189 
-- g kg"' soil 
1241 13.3 
2050 23.1 
2498 27.9 
1253 14.7 
1599 18.4 
1629 19.4 
2117 25.3 
4221 43.1 
2335 27.9 
2350 27.2 
1541 17.3 
1270 13.2 
1791 20.7 
2185 26.5 
1985 24.3 
786 10.8 
1370 15.4 
2061 24.1 
1265 13.8 
798 10.9 
1186 14.3 
2126 26.1 
2060 24.9 
808 9.2 
1515 16.8 
1095 13.2 
1623 17.0 
1911 24.2 
1505 18.7 
1644 20.6 
1872 22.3 
1950 23.4 
2191 24.4 
1846 21.7 
2118 26.6 
1668 19.1 
1753 19.2 
1619 17.9 
1124 13.8 
1684 21.1 
1441 15.8 
1303 13.4 
1159 12.6 
1423 13.8 
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Table 43. (Continued) 
Soil Fixed NH/-N Total N Organic C 
133 165 1520 16.6 
134 179 1929 20.7 
135 181 1691 17.5 
136 191 1144 13.2 
137 177 2127 25.7 
138 114 1833 23.6 
139 193 1861 23.2 
140 177 1674 19.4 
141 173 2562 31.2 
142 167 1756 19.1 
143 126 2769 33.3 
144 139 2094 23.5 
145 162 2068 25.9 
146 153 2423 28.8 
147 155 1999 23.1 
148 150 3344 39.0 
149 185 2438 27.9 
150 187 4894 53.6 
151 131 2370 25.8 
152 98 1431 12.4 
153 129 2116 22.0 
154 58 677 8.0 
155 211 2226 25.7 
156 173 2465 31.5 
157 125 1567 19.4 
158 42 1265 13.4 
159 47 663 7.1 
160 40 461 5.4 
161 146 2684 32.3 
162 154 2370 30.4 
163 84 832 9.0 
164 139 2778 33.0 
165 219 4541 54.0 
166 131 2074 25.0 
167 80 782 8.9 
168 158 3387 39.3 
169 116 1433 17.9 
170 138 1717 22.2 
171 132 1899 22.6 
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Table 44. Effect of lime application on mineralizable N pools and first-order rate 
constants of soils incubated for 20 weeks at 20°C^ 
Lime applied No k Criterion met 
kg ECCE ha'^ mg N kg"' soil week'^ 
0 147 0.024 yes 
0 130 0.015 yes 
0 123 0.024 yes 
0 94 0.020 yes 
1120 72 0.027 yes 
1120 142 0.022 yes 
1120 83 0.023 yes 
1120 104 0.019 yes 
2240 92 0.041 yes 
2240 96 0.027 yes 
2240 83 0.027 
2240 — - ho' 
4480 91 0.038 
1% 
4480 73 0.046 yes 
4480 89 0.028 yes 
13 4480 — — no 
6720 64 0.054 yes 
6720 121 0.018 yes 
6720 104 0.028 yes 
6720 79 0.035 yes 
8960 66 0.042 yes 
8960 81 0.043 yes 
8960 87 0.030 yes 
8960 90 0.031 yes 
13440 107 0.022 yes 
13440 69 0.049 yes 
13440 68 0.050 yes 
13440 103 0.026 yes 
17920 94 0.033 yes 
17920 92 0.049 yes 
17920 75 0.032 yes 
17920 75 0.029 yes 
^ No = mineralizable N pool; k = first-order rate constant, convergence criterion 
was not met after 50 iterations. 
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Table 45. Effect of lime application on mineralizable N pools and first-order rate 
constants of soils incubated for 20 weeks at 30°C^ 
Lime applied N„ k Criterion met 
kg ECCE ha' mg N kg'^ soil week"^ 
0 194 0.040 yes 
0 186 0.021 yes 
0 131 0.050 yes 
0 128 0.035 yes 
1120 nob 
1120 161 0.063 yes 
1120 109 0.039 yes 
1120 102 0.049 yes 
2240 181 0.048 yes 
2240 227 0.024 yes 
2240 128 0.033 yes 
2240 158 0.047 yes 
4480 155 0.040 yes 
4480 152 0.038 yes 
4480 138 0.057 yes 
4480 195 0.020 yes 
6720 138 0.046 yes 
6720 107 0.049 yes 
6720 132 0.057 yes 
6720 117 0.048 yes 
8960 217 0.031 yes 
8960 172 0.044 yes 
8960 140 0.041 yes 
8960 141 0.052 yes 
13440 217 0.026 yes 
13440 178 0.039 yes 
13440 148 0.042 yes 
13440 149 0.039 yes 
17920 167 0.042 yes 
17920 167 0.061 yes 
17920 120 0.064 yes 
17920 176 0.033 yes 
® No = mineralizable N pool; k = first-order rate constant, convergence criterion 
was not met after 50 iterations. 
